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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 
magnetoresistance effect element having extremely high 
sensitivity while maintaining a good bias point by keeping 
the magnetization in one of a pair of ferromagnetic films 
in a second ferromagnetic layer into a desired direction, 
and forming a nonmagnetic high conductive layer in 
contact with a first ferromagnetic layer on the opposite 
face to the film face where the first ferromagnetic layer 
is in contact with a nonmagnetic spacer layer. 
SOLUTION: A high conductive layer 101, free layer 102, 
spacer layer 103, first ferromagnetic layer 104, bonding 
film 105, second ferromagnetic layer 106 and 
antiferro magnetic film 107 are laminated. By this 
constitution, especially when Hs on the transfer curve is 
small by making the free layer 102 extremely thin, a good 
bias point can be obtd. by rendering all of Hcu, Hpin and 
Hin small and satisfying Hpin-Hin=Hcu. By using a 
synthetic AF structure, Hpin can be decreased. 
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[<fcffit*0$5H] 

fitj!ESl2<7>^t4{Wf fi. fgSKR&a&ttiftK^iSft 

flfTBSm 1 WSiiBStefrJf t IWiE*«tt^-e— <t 
SUBS tR*ffflOwffi»c-C^ l ro»«tt«EJB^»i-5*« 

[it**2] m&ftm&mmmMtt* '<>i>?m&<r)m& 

XtoS£m.tn.e>iS.fr 1 0 u Q c m«TT**>57U^*^#i- 

I»*«3] tW3B»liZ55S8«4fl:JB«5BI»l40. 5 nm 
&L±4. 5 nm«Tffc5: i: fc^ii-SIf ** 1 * 

t, A(t*«IH-istt5W*ai*05tt»«[V2i:fcJ:9 
*S*L5afe«#*MM4 (V1-V2) / (V1+V2) 

rog&s t zmz. l r t t ■* s it ** i ~ 3 n \ * 

f-Jf Id J: o TSv $ ixfcm 1 <03£B£t£<*:JI t « 2 

2 co3M£t£<Wf ©Ift* |6)l:^LTfe5^ ft «rj*1-«fls 

*i<a>— fosters ^Sf; . 
miejr i nmwsL&m t mB#w4^^— t 

5l&ffiiK*t<«l<£>ffi»;:-cS& l cD^teftB^ft-f 
Sr*U ^btd. 

^*Wtt (V1-V2) / (V1+V2) ■v^-^^, 
0. 1W±7°7^0. i»Ti:4*J:5»=, ffifla#«& 



[if** 6 J itffiivt 1 OiiQc m<DC u I'&g LfcMfS 

*«tt«3MW«>fflW4r t (hcl) . mim2<Dm& 
&&m*toi!tim-tt<o%iM&ftmtommz 1 t^i 

fc-CiMFLfcttJUWfc^ilCTLtin (pinl) , t 
m ( p i n 2 ) (tm (pinl) >tm ( p i n 2) 
£-^5) i L fettle 0. 5nmStm(pinl) 
-tm (pin2) + t (HCL) ^4 nm. E.O t 

(HCL) ^0. 5 nm%m&-rZ>Z.t*¥fWl.k1-Z>m 
** 1 - 5 toX ^-fixA* 1 ojclEttCUBfttettSSb**^ . 

[It** 7] ^Stt^'t-tii:, ME^flMtf*:*'*— 
-tf-Jf K ± o TS^t»|| $ ftfc» 1 <B%ttttttJl <t g 2 

2 <D3£S&te{£ € <DW.itJjft K# L T fc -5 3 * * ritt-flMfc 

m<Dmm* t (hcd . stiiEm2ro5sa{4(*:s c f 3 coHii 

K^^)?^^^^^ t m ( p i n 1 ) , t m ( p i n 
2) (tm (pinl) >tm (pin2) <ti"5) t 
Lfct^ir^ 0. 5nm^tm(pinl)— tm(p 
in2) + t (HCL) S4nm, J.O t (HCL) ^ 

o. 5nm*Ma-r*;i*fc4$»i-f*«*etta)** 

[It** 8] SfIfS^{«feS5^mS(±, ff (Cu) , A 
(Au) , M (Ag) , ;i^f-7A (R U ) , 
A (I r) , (Re) , Q^7i (Rh) , S 

(Pt) , /<7Wh< (Pd) , (A 
1) > Ji-^^^A (Os) mi~v^T)V (Ni) <t»9^ 
4W*»5>»i4x5'>/j:< t t>-mto&ljg,ji.m : k$ts&m 

mx-bz z t zmmt -raw ** 1 - 7 <m>-r 1 o 
lit** 9] mmx't—v-Mk* mmmteitx^- 

fltriE^i to&m&ifcm\z> ftVsamfttfUuto&tizmMzm 

2 w^ttfltg com-fb^iS]^ ^Ltfc^A ft Zi&i-Mit 

ftfr-Xtomik&pjtmtoXftizmft-tzttkk , 
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>&mmnm t . 

i o i mvmmm<r> o *>T-tuieig i nm&^w- 
m\m-fz>mt>m (cu) sr^tr^ ££*ir#£i-£fii# 

1 1 ] flflfE«eaw 5 *>-eifflE» 1 ©BHBfcfc* 
JflwSELfcVMKaS. /U-^r^^A (Ru) . U-=:^i^ (R 
e) , u-J^M, (Rh) . (Pd) . 6& 

(Pt) , 1» v 5 * A (I r) RtflTX 5. V (O s ) 

l 2 ] tfjfElS l <o»»tt#:Jl t S#ffisroa5tj:*i 

^T^IE^ttiS^ttStaSUT, (Ta) . 

(T i) . (Z r) , #^??.=r> 

(W) . ^7=?A (Hf) M^U/fy (Mo) X 

[»** 1 3 ] Atllgft 1 <733£at£{fc/f (4, - y-jr/Hft 
(NiFe) ^tr-&^»t ="<vu h (Co) £^tfjf 
£ro«*tta»fcfc5i£*tt«i^5M#«l~l 2<D 

l 4 ] jffiiEfg l w&mte&Jf 14, hi* 

(coFe) sr$tp#^s^p>^2)i tzmmt-tzm 
2 (D&m&itm t . 

2ro§ifiattfls:S<o^'(fc*(6JirJtLrfoS^aSrfiS;-r^ 
3£6£te)f£, 

MIES? 1 <£>33a8t<ii{«l £ fltriE^B&tt^-lJ-e £ 

llfJS2K?iiB£ttfWi<73*mi; LT, XzMnl-z C: 
T'Xfi, -ry-^^A (Ir) , ^f-^A (R U ) , a 
i?$J* (Rh) . (Pt) . ^7v??J» (Pd) & 

(R e ) J;?)^5S¥^P ) ]S(in5'>^< £ 
-n^Ttmt U ffij&Jfc z (4, 51gi^-%&Lh4 



[If #if 1 6 ] #6£t4*^— t>-Jf £ . flflfE^BStffefls:*^ 

suies? i o$M3H4{«f £ ina^att^^— y-s £ 

ffiffiRSMfcttJI LT> XzMnl-z C;t 

XI4, (P t) fiy/<7^?A (Pd) J;0fc3P 

*^IIiixfc'>*< £ Scotc*£ U ifeafifcJfc z 14, 
4 0^%«±6 5g^%&lTT'fe5) SrfflV^fci £Sr 

7] WK^flMlfM^-ifJltt. fl (Cu) 

2. 5 nmWTT'fe5i£S:!|#m£i-5it*iIl~l 6 

£•3, «ria-*f«3»«ttflcKi±, **t-en«?«ff£i&fo 

BS* £ WSIT-fc S^^tffllJfCWM^ 0nmTW2nraT 

f£-&-tZ>tfl$Z&£rmi, /isT-VM, (Ru) frhKK) . 

[l**rS2 0] ^att t t 3 P^€Sr3>LTiag^tvfc'>/i< 
£ t>— *tro«fl2B*«j • ^bS*S£fltriE^t:B^SJc: 

* WT£^5«t 9fc*^S;iSE|6i$n-C*-5w£S:#m 
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^*Bl^«*«r«l&i-*fc«!>^— »^>««, *3,fct«tr 
ttJl B ^ b 4 « - » W»«tSfe»^««fe-&* ^ttS 
2 2] < t fc l JlaffttttflM t , 

flMKttftflb*m±JI^. ME«ft«ffi»*rft±/i<DflrE 

2 3 ] t««**>— ^ Kg t , 
- 2 2 (ov ^tn^ i o^E*^««ts©ta**?- £ . 

WE«ft»tt»**^±^K*tbnfc±{WIS4««*^ 

y :/» t mm ^ y ± t r tt b n ±m 

[»#«2 4 ] !8«ffl»w*5Jt5«fETffidS^««*+s/ 

[f»*gt2 5] fflrE#i w»«tt»Ji«:IBI»*rfil^*fc 
*i^bWE*«tt^^-*Jl*^LrB(rE±««ft^ 
KJii:«rET«**S/-yu Kg <D^-f li^cs 
5§BiS:D h WrE»l^8*«i***Srl«»^iRi^*fc 
**rt*bflfrE#WM**^— *g 8 i**w«rE±«l«* 
Kg i: ffiETW««->— yu KgtfH ^-f ftj&H&#fc 

[!S*il2 6] «rE±«««l->— /^KJit*iijfc*n"C 

sfrEES««t ¥ ^^ym± ics # e> nfc±««« t , 



[»*52 8] ttftEMKft*, 
«rE«*E«WJ6*lcfll»SrBiiD-t-a - fc «t 9 

^oiWE««E«Ea***b«4t-4«#fc*Ul 
t5^il:i9 fS*S:8t*»5»** 2 7 Efc<z>««^ 

r t frtttt t -f-5««E»S«« 
[0 0 0 1 ] 

^ 8«^yK, KT-feV'^ SIX V«ftE«i6 

«*^s/ K\ KT-feV'^yftoqBftEakSlEWw 
[0 0 0 2] 

[t&^co&flf] iff¥, »«E»«Eft:0/J^ - 
Sfet^m (MR) S:*JfflUfc«*^2/ K (MR'syK) 

( r«^H*«j , r^^Sj fo^v^ii rtr^Jij 4if 

Sit ( r^e^j fc^vsi r^y-gj 4ifi:W§n 
5) . :hfe 2ooittia)iltft*iSiwtt»j!)4ftt* 
<fclw±9E*«ft«tfi»[)* (GMR) 4-^1-^b e v/</u 

[0 0 0 3] fficDMR^i: LTI4, N i F e^&£^ 

&4%A#{£atftStt»ijiiK (amrk) ni^T-is 

E®ffi*<7)B5fl5ftjtS:5iit>5(Dj-{L g^S^fi^; 
(GMR) «rffll*fci«««fctt*^y K, EP^GM 

[0 0 0 4] tOffl^GMR^y Ktt, ^fcSiJB (7 !i 
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7 h*Sr*«4 9 ±<««E«#^J:oTttiEi-*r 

[ooo5] mitmmm^m^^m struts 

^ AFJ Sfcli r£ft«j£B*/|j 

iltl^ mmW-7 - 1 6 9 0 2 6^«) o r(7)g® 

m&mmm x 1 15a w k tt»f^js Sr-t? n k -e 

[ooo6] hi*,, z<omitmmm<D2^>(D^m^m(D 

ifx^pWfUNSyAFtlj:, 3£B£«=/lA<b& 
BEttJI B ^»ft«#tt5lv ^KiTfeffl 5 <7>-cai8U8# 

[0 0 0 7] 

[0 0 0 8] *-f, ill:, «ft*ia±3-£5fc»fc:7 
[0 0 0 9] S2i:, ^D^y^il (Tb) j^±cq 

(esd) m^^GMR^^gitA-r^tPMW^ 

fr5fc»t::fi, TbHiSTIUtSrilft, IHSy 

fc±ElS!fcl«# (MftkOeKl) «:*P*.*r4:3» 
*W-e*>«. rofcft, B&Mtemk\*X Thiols. 

Sr_ktf5<h, SyAFOB«tt«JIJ:llltti-«9liatttJ| 

[ooio] i4i^ a«±#s*fc«i»-e««fe-&» 

9- 1 6 9 2 0%Wl5kOe) SrJDiSfc* 
[0 0 1 l] fcrv«^*3V^TR»«ttft^tt^ 
^SyAFcni, ^«B»#lc«!5jcBi-*fcftlcaftH 



[0012] |6C, SyAF#»#*-e*ott*» 

[0 0 13] Sbl:, K±W*Lfc6o<Z)ni|jR|^bD* 
T, (i) KHRttA'JBi* miz$]M7u±xT~—Mz 
*fLT) % (2) S*rtS*<oj:0— *oifi]±SrBia±'C 
MRttW^JSttl^, (3) lt«ft*#*MRa5 

[0 0 14] ±»Lfc«*wai«)B»:li 
[0015] 

k. mmtw&fc* ^tKaots^ $ titz 
mi<D&m&»mkm2<D%m&fcmk* zmit. tuna 

Loo r. n b fcRSMHtttfcte-fri- S £ 

(Djjfaizmnirz^&k, ffl^m i (DfaMtefcm km& 
<owm&»m\zttz&m&*mnm k % zm-tz z k 

[0 0 16] ilHftfci-.fc'K WMT^Wyh 
[0 0 17] ±1B»jfc©B*Ll***0»«fc IT, fit! 

[0 0 18] *fc, SS**!E«ffl, «J:V#atttX*l 

w&*mL-tz><n\zm\^tzmj&k lt. meiit i oana 
[0019] jE«*«#^*3*tsw*ai*<ojftat 

Jcj:9**n**»#»lWt (vi -v 2) / (vh 



(6) 



&m 2 000-137906 



V2) ^ ^t^O. l£JLk:/7*0. lSkTkKZ 

mow i twELfcc 4 twit ts. &m&m 
tt^^-Y-^^o. i^i^^o. lj^Tt^-r^fc^i' 

&"f bt>S yAFSrRffli" 5 *f(Ot' 
yltffl^tt)6l\ 3. 6 nmTKTT\ 

0. 5 nmT^i^Klf^ihVl^V^ : <!r 
asSSLV\i 3. 6 nmTEXJi-eJi±iEL^*f»ttS: 
WSi"6r i*«HH-e*9, 0. 5nmT«T*ettMR 

[0020] £fc, SfrlE^ttS^msoW* t (H 
cl) c:m Jtssti o & o cm^cuitis 

RoWt: l TOlSfDmfctfJMSUfc««Bt»*:*Jx^ 

ixtm (p i n 1) , t m ( p i n 2 ) (tm(pin 
1) > t m (p i n 2) iLfci#|:, 0. 5 

nm^tm (pinl) — tm (pin2) + t (HC 
L) ^4nm s lot (HCL) ^0. 5nm^f 

s:^»^n 0 r<75Ba«**s-rntf, tm ( P 

in 2) - 0i-^^^^S^t: 0 ^ii?rffl^Tt>^V\ ± 
0. 1 J^i-ey^O. lETF£fc9, loKMR^H 
[0 0 2 1] ffiEftl<afttt1£fr/ltt« ^^^i? 

[0 0 2 2] £fc, MIBIHSttKVfUili:, tHinl 
aiv^5*frS:*fa«*.5^*?iJi:34s«B (Cu) , 

4k (Au) , IS (Ag) , A^^A (Ru) , y & 

rpA (I r) , (Re) , (Rh) , 

(Pt) , /^WJ* (Pd) , (A 
1) , (Os) Xt/=S/^r/U (Ni) ±9* 

[0 0 2 3] Sfc* fgH i n*5j:t/ft»ttWlt»J»Ofc 

fc^, i!frE#MKf£iB*«Jf te, t h 2m^±<Dm 

[0 0 2 4] iroSiWffl^S^t, tJfLtS 
yAFSrSfflt5Mlii<, ^l^tVltffl^tt) 
ftV\, -t<DSr<g\ 3. 6nmTOTT\ 0. 5nmTJ^ 

3. 6 nmTK±Ttt±ELfc#»B*feS:igtS:i 
^iltfc^ 0. 5 nmT^TT1iMRffe¥^f t 

[0025] wisa»«^3t,-emE*ioanK 
maa©fc»i:w:«ifc*mi lt« (cu) 
[0026] £fc, «rE«JM!o9%-emiE»ioai» 



u) , U^^A ( Re ) % o>^A (Rh) % /V'/') 
A (Pd) , (Pt) , "tVWJ* ( I r ) Xtf* 

(Os) ±9Ji*»^feafinfc'>*< 4:fc— 

[0 0 2 7] iHcu, ilMR^ft$C0M(D/c 

[0 0 2 8] {J&H i n, iSMR^t^t^ 

E*«ttK*t«t»LT, *>-*;u (Ta) , 
(Ti) % vvU=i~?jk (Zr) , ^>-^^^> 
(W) , (Hf) M^y^fV (Mo) ± 

[0 0 2 9] iSMRf<Wir, IkBtt^tft 

flflE»l<E>5Sfl£f4Wf hi, ^j/^r/HR (NiFe) 
Sr*tp-&A« = h (Co) £r^ipJi £ oflMlR** 

[0 0 3 0] lMR^ft$^ tt«tt^<75fc«) 

MrE*l<Otta«4fr»tt, n/^^ (CoFe) 

[003 1]*fc, Wffi*2<0»«tt*IB^«^H»0 

»«Blff*S0. 5nmTEilit3. 6nmT6iKfcl) 

[0 0 3 2] yDir^MlI-C'tilMR^t* 
(WIEKMttMotWiLT, XzM 

n 1 - z C:tXft y (Ir) , /Vy~z=. r> 

A (Ru) \ nv^A (Rh) , S# (P t) , ^7v^ 
?A (Pd) Sl^U^^A (Re) «fc!9/jJ5»^bi8li 

5o I^Cfc, MtfcSyAF^gffltSMIi 
¥^<^t: 0 ^ii^fflVNTtS:l\ ^<73i^£\ 3. 6 
nmT«TT% 0. 5 nmT^^jfiT)^ ftV 
S*fflV>5r i^a*L^o 3. 6 nmTJ^±-e^_bfE 
Lfc#»*tt«:«a-J-6^i:^HIi-e*)5, 0. 5nm 
T^TTIiMR^tWf L< /h$ < fc«a>P,-efc*. 
[0 0 3 3] *MRStft*«:at-t-5fc*JC, ME 

S^lttS^fflilt, XzMnl-z (- r."CX 
tt, 6^ (Pt) ^t>v<^v?^A (Pd) ±0 45»^ 

0I^%«±6 5JDK-¥-%«T-C*>5) Srffli^fc^ i: Sr«r 
»i-T«o r<^»&^t>, «fl(,SyAFS:«fflt5 

3. 6nmTH7T\ 0. 5 n m T Wi^ffitfCJKJlCO^ 
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ffySSrffl^S wirASM* 3. 6nmTait 

ttilEbTh^JiWWiSrMarSit^HJt-cfci?, 0 . 

5 n m T WT-CttM R SEft**»» t < >h $ < ft -5 t> T* 

[0 0 3 41 £fc, iS5MR^jk^«:3imi-5r. £, ±3 J: 
V#«tti«*«Jllc:J:5i«MR*'fl:*<75S**«rJ: 9*S* 
(cffl^£r£, *sJ;t«ftHc ufe*a-*-5fc*lw. MIS 
^flMttt^-iJ-JBtt. S3 (Cu) «r£tr&*JB*»e>fc 
9, J.O-5r<DKJi:/JSi. 5nmWJb2. 5nmEiTT-*> 
3i£=Sr4tm£t-5„ 

[0 0 3 51 4fc, KMR^St5-t. *5<fcU«tE 

frttn, -tax b<Dmmfi & %? l<^*»* fcnattffi^BStt^^ 

56&fU8lJ¥<75M/5 s 0nmT«i2nraT WTtfc •Sri 

[0 0 3 61 iMria-it©a«tt«:«*s3Si«tt* 
^l^-g-r^ttfE^^ii. >\,t-~*7*» (Ru) frbtz 
•5 , E.O^(7)^J?/»S 0 . 8 n mai 1 . 2 n mttTT'fe 

[0037] *iP^©l i ro*w<z>«««gta* 
— y K»4, #^t*^g&:frLTEe£*if;L'>ft< £ fc 

mfsMtftitom^v Kfcfcv^-c, i!fJiEBfrffc@«Ji tamtam 

ftijt-ififi $ *v*:3&8$;t4Jf B £ ft -5— atro&fiSte/f # 
mm^Jl^^LTS^tS^Six-Cft"?^ MIES!* 

ffi t°— ^ <D a v =*- V ^ * - y ijt{g;tl # 8 " 
UAT £ ft 5 ± 5 J=**ffi*«El«l £ *XT ft 5 r £ «t«f» £ 

[0 0 3 8] *mW<D% 2 W3BWro«ft«gta*^y K 
hfc, #Mtt*MJB«:frLTE«Sttfc'J>*< £t-*f<7> 

IMMtEt ZlfclzmmM A £ fffiia£&fl£&Jitt<c:E 

li^J¥^2 0 nmKTT'*!), 2 0 CCtciStt-SStltESS 
m&mBb<O&mi&&feWt;Jtf0. 02 erg/cm 2 

So 

[0 0 3 9] *.^m<r>% 3 <0«Wro«*USt(t3!ijft-.s> K 



fi, #mt£*iffl/l&frLTEg$ft;fc'J/'ft< £fc-*t<7> 

mmm\zmm £ *ufc»«H4Ji a £ wias^attsiffl^E 

I r, Rh, Ru, Pt, Pd. Co, Ni frbMlitl 
fc'>ft < £ h 1 ±T-fo 9 , 0<x<0. 4) , Z.Mn 
(ZliPt, Pd, N i A^m\iMt'pt£< £ t 1 
0. 4SxS0. 7) . SfcfiZ, C r 
( Z ttM n , AK Pt, Pd, Cu, Au, Ag, R 
h, I r, R u *»fc»liiT,fc'>ft < £ t 1 ft, 0<x< 
1) w>ft< £ t>v^4xA>l«Sr#tfr ££*Hft£-f-£ 

[0040] *«ww»4<o«Wro«*«tt:Ssb*^y K 
l±, #«t£4 3 l!8g£frLTEfi$nfc'>ft< £fc— *t<E> 

mmmitmmm <r>mit & mm-r % fc *©sas«ttJB £ & 
w^dijco^ette a £ tto&&m&\&mm<om&'&M b 

f>ft«— *tw3S^ttS«s^ifS-&S&-^- LTRSlK+tig 
[004 1] ftfc, ±^bfc»17i^^4<7)®MffifetStl 

[0042] i£tc*mw(nM%y*j v ? j ?mm 

Sr1#19£i-?>'t)<o-efc5 l> -tLT^ffiH^eSC-r-f 

[0 04 3] $ bf-*MW<7?«flffigt^)*^2/ Y<r>Wk 

[0 0 4 4] **0Jroftfcro^JgtrS'J<BS^sSt 
am^li, '>ft < £ fc 1 gro^mttffflg £ , ftflfE^ 
)Ktt c PHgSr^-UTEE$^fc'>ft< £ fc2lff)«ltl 
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[0 0 4 5] *7t(4, #369§OT«*Mfflft3!l£*^-|±. '> 

4<itn o*tit tHgt, striE#«tt f mm 

L-CB«£iifc'>*< £t>2g<7?B£t£gi£*-t--5*fc° 
t, WIS* 1? V^uyjglli, fl9IE«i4SW8tlSE^BH4f 

i t> *&*3Rro-&&Jl Si k*W&k Lti^ ( 
[0 0 4 6] ^ciftftttajRjfrfli. '> 

* < k t> 1 JlettM&fHJI k , W3E*«H4f IHJJl«r^ 
LTiE«$tbfc^^< £ t> 2jf wSSttif t^W-r^t 0 

i-5*IgBi*«tt«*±i: LxmtiiirZTtmkimmxb 
2>z\k&ft&k LTV^ 0 

[0 0 4 7] ±ELfc3«0«ftJ6tft8&*JtHF- 
Sr^ttrotfeO, Z.ix\z X *) * tfV/'</u:7'BS<D8£ftf£ 

tzim&mmmm t lt^ u v-mt 



[oo4 8] sfc. iiEbfcaaroanettsai**^^ 

*5^T\ Ktt®et?a*r6)±eroAfls:6<)^fl}fiS;i: LTJ4, 
4fe*»b>5C4*&, Cu, Au*3j:^Ag^^illin^'> 

ft34§^\ Ru> Ag*3,tt;Au^5,Itflx5'M<t 

SlPllltliCu, Au, Ag. Pt, Rh, Ru, A 
I, Ti, Zn, Hf, Pd, Ir ft £*W5c3!*£^tffc 

[0 04 9] «««jStJ»*r&l±W»='&AJiS:affli-5» 
-g\ ^rtv?r1ffigi-^-g-^iL-CI±AuCu-&#. PtC 
u-g-^, AgPt^#, AuPdM, AuAg^M 

[0050] ±iaLfc3«^>«*aa»**^- 

Sr^tcJzoT, «T-^diffusiveft«a*WWU T 

S*a?Jjm#tt^ rfil iaiSttJRl^ n -fe ^ « t^*3 v fc ffete 

[0 0 5 1 J i»UfcJ:5 4*««^««fiR«i**^ 
KttJiir. MrlBSttlo 5 < tfc 1 4:1 
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[0 0 5 2] WL<D%J&Mb LTI*. £ ^ i Jf Ojtf: 

i m<Dmit*:mM-tz>m.m&&m t * t° w<a- 

< b fc-^£Wi-5^ffitta*fa±Bi«LTia«£ 

Ag, Pt, Rh> Ru, A K Ti, Zr, Hf , P 
did XV I r*>b)gtf^5'>^< irt iaw5£ife«r^tp 

[0 0 5 3] *^WtC*Jtt5«^«*t^)*f6]±gtt, & 

&wteT-fflPI^/h£ < * t) — ^-a u TiteSWan? 
lie o f e&&<nfe*mm**:Z < 

*tur, ±mvtzXo^mmm^±m^m\,^ztiz 

±ot, MitLt©Co^CoFe-&^^t'C0Co 
*«t£tmfc<6»SK*Sbft**-IWML i-*to*>d (1 
11) ft^HiO. 2 0 5 5-0. 2 0 8 5 nm©l 

[0 0 5 4] £ibf', ^e^</uy®Sco^[6]±Srl2I5 

?\"( ^'<v^yy <D—wt lti±, /j^Attii"-* 

tfc j: 5 *&mm<r>mmm*?-&&m & * 5 sms^a 
c c (111) Ki6]$-tt, A^mmfHizioii-zmghftLm 

[0 0 5 5] Sfctt, **W<7>««i«fitjai**^li. ± 



ifitfdC o F e^M^»«l?rAu-C u^Au 

fk^fari^fcl-SBSttJl IS fee ( 1 1 1 ) E(6i LT« 
(). i^d (1 1 1) te+fflm/fiO. 20 5 5 nm«l 

[0056] ±J6Lfc«si«a:»**?-^te^-c, elite 

fWd (111) t&^MRSliO. 2 0 5 5-0. 208 

o e>ft-5„ 

[0 0 5 7] K-*»1BStiE»3S«tt. ± 

-Tftfr*,, *ftW<nmm.^v K(4, TfflMBfclS'— A* Kg 

b**&Wib Ul^, 

[00 5 8] #Sgi|»lW®S#SS3!<£>B$St~-s' Kt±, TffiiJ 

iS^fyyi, fi1JiEIE^M=¥> s/7°±tr!atte>n 
[0 0 5 9] roasts' KTi/ir^y y (i, ±|E 

^ium%m^mmzmmzx , om^m^^^. ^-om 
%&M%.&»mm>bm±i-zm.mzx vm^-bm^m 

[0 0 6 0] 

[00 6 i] ^^co^itcD^flifco^-ctftPJ? 
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[0 0 6 2] a««gt«l**-?-^*3V^-Ctt, nU&L/cJ; 

9 MR$ft¥w7>yyiii]iiir, «<0»B!ffc 

[0 0 6 3] ®l (Z^Bi: It, ±i/*W$LmW$<n/< 
*l:tot<Srtmi:Bll:4oT< <5 G ^7 

[0 0 6 4] *2<Z>raHi: LT* «3fc«J|fe7y-lt 

[0 0 6 5] H 7(1, K±?"J*L^i2o<75Bg)aS:KKi- 

b. p. =5 0X (H shift /H s ) + 

H shift == — H in+H pin ±H cu 

H s = H d *~ 4- H k 

H/«« =tt2 (M s * t) free /h 

H pin =tc2 (M s * t) pin /h 

H cu - 2 7r C X I y h 

c = ( I 1 - r 3 ) / ( I 1 

- -"C, (1-1) ^cDb. P . ^0^@-r^,/<-f 
r^stf-f^b [%] -e*>5 0 ti/wr^#>fyni5 

rttboffl^feii-fns tv^ hy — (**t*W4) 

< 4otU ?o 

[0069] /<>f r^*>f > HfctTw h v—<dm& 

h y — 1 o%i:4 9, /^7^^y M>6 0%lc 
ftofc£#U:«\ 7y^ h y— 1 0%a*tc45 o 

4 0-6 0%T-lifc< , fflR±3 0-5 0%*S*iBtt£ 

[0 0 7 0] H8li. ^%±<Ds<s(T*y$4 > Htti^ 

v K^S4«fl«»oH«**i-^9 7ia-e*>6 0 3 0 
— 5 o%?vwtj*aK^ ^ Mfiiw^dti* r*>* hy 



U RIBI (a) Ii7!i-i^f^l'&, 1^] g| (b) \±7 

ic, 7y-ltf»<45i, h7^7r-*-/o« 
(Hs»S<45) , SfcMR«ft$ 

[0066] ±!afisjB<7) 5 T*#>f ^ He 

fc*s-e#fc 0 &lTi^W7^^yh(7)ffIfffi{:o^ 

[oo67]^7^yni 7y-»^iofc*« 
^4WlSl:i:oT, v^7 hf§ fl :<^^7Kt 

1. «flE«# (hj v 2. tr^ji^exoiwB* (h 
pin ) , 3. ^^—y-zftLt^^mfrb (omr^^-m 

# (H in ) , 4. ^FVWT^&^iftW (H 
hard ) ^^LtfijHtSltmSo ±121 

V\> *3§0J#fi, -b1El — 3(^«||L<^fd^ttB 

[0 0 6 8] 

5 0 (1-1) 

(1-2) 

(1-3) 

(1-3-1) 
(1-4) 
(1-5) 
+ I 2 + I 3) (1~5-1) 

4oT, ^fflifflv^:H^f4<4otU9o 
[0 0 7 1 ] H shift i4 (1-2) 

7|j-I{:to§#i^p [Oe] "Cfc-So Hs 

[0 0 7 2] 0 9 14. -nb^#«#<75Ba«Sr*rKM 
[0 0 7 3] H/^l, fcSMRM MW7y- 

S<^s»#-e*>So h{i, mrw [ Mm ] -efc 

#"C*s 0 (Ms*t) fre ji, 7 y — ji<^ ^/u^> 
ffif p^*m s t mm t ^act?*) «p , (Ms * t ) pin (4 b° 

^m<D*iy b<D\?>m {is>±"T4 AF60»-&^f4 
±T(7)tr 0 ^@^^^jf:^) <7>tt¥dmkj:MVofl[-e 

[0074] H cu tt, ^y-Jiiziiafc5«S(tfflS»-cfc 
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<9, I S J4, ir^^m* tmA] "Ffc^o * (1-5- 

[0 0 7 5] Bl i o ii, *«£iffift5«S(t#at I ! — I 3 

[0 0 7 6] r^-CttWi"4tmcCtt. ffl¥Ofc»*w, 

Ta5/NiFe2/CoO. 5/Cu2/CoFe2/IrMn7/Ta5 



3 0%— 5 0%<7VWT^/tf-f > Mia<75tr.^^fi 

■ewbftfc^ r^*>r o%~5 o%tv^5ffi 
[0 0 7 7] KTfc*fW5^*"C*nblx"Cv^^fcr^ 

*>yt7-fy^AF<i:L) 



(Wifinm) 



(1) 



±IE (1) »4, ^tr^</u^««*JB«:*L, 
*fiJW-55E*£Ji* (nm) **l/Tl*5 0 r^tfcttM 

[0 0 7 8] ±a L/C ( 1 - 1 ) - ( 1 - 5 ) tK<Ds<4 

(1-5) So -t^aSSf*. (1 

-5-1) aCo«SE5»flttt:C*r#«)*ri:*SHJIt'efc* 

[0 0 7 9] *JiwttlfiKft***fc*^, _LI5«j&<d 

[0 0 8 0] w<7>#tt-C#ftfc*«<0Jfc«fttt, tSAtt 
^■5 •sftJ/h £ v ^it-eft < , ««£^*^»*S: t^Ay-e 

(l-5-i) *<&««t#i«Jfcc ±9 
fc, a»4 9 44. :wfSw«ffli:tor, 

[0 0 8 1 ] £A±(D^mz£ *9 
^ Ni Fe|j;20^cm , CoFelil3//Qc 
m . ^^tCutt8/iQcm „ I r M n fi 2 5 0 
v Q cmt^of: 0 r^T\ Ti<7)Ta tc 



i oomQ cmi {S^.bfco ;Ljft,<b<offi§rffli*T#JB<7} 
««E»«EJt«:*»T, (1-5) ifelc J: 9m»ft££#H cu 

[0 0 8 2] Sfc, H in (75fiti: ttfi, HSU{ttO2 5 0 
etffl^fe. H pin l± (1-4) 5fcfc:J;9#*fc 0 

[0 0 8 3] i^Jiwasff^s*^ 
UM-#< ^«8tt*s**L5^-C7 y -Jf ^jbofosm^mfF- 
[0 0 8 4] ±>xn9L&4mAh Ltzk%\Z s _h|E<£> 
MR height 

0 . 3 m m 7 0 % 

0 . 5 /u m 6 1 % 

0. 7/im 5 3 % 

Sl^^b^^J:^-, MRW F0. 3~0. 5Mm 
■Clj:^^ 7 7 ^ 6 1 - 7 0 % ffc 9 % ftg-hft 

[0 0 8 5] ii i *ittt«^*5ft«^>rr^3«>f 
^5^W7^Wyh^ryf7xPl (5 0% 

5o ^^ii^Wic^^^, Eli 1 ^^b/cJ: 9 i-, ± 

# 4 tf ^awsai»H plll «r*# *««E»#H cu -e* * > 
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[0 0 8 6] Sfc, /^7^^ > hK*Hwfc*lttt« 
^glfl, S&fc*KttftlBJH*rWi-<5. *ftM\ **W 

^MRaE^^ffi«S^*fti-4 r. <t ftPp^M £ ft 

So fllaiJi. JtlKW 1 ^*J*"Ctt, a s-depo (as 
-deposited : itabAc^^CO^fti) tMRJtfc*ttl 1 

ms. 6°/otas-depo«^|Smg 

Ta5/Cux/NiFel. 5/Cu2. 3/NiFe5/FeMnl 

2637360-?-, *H#fF^ 5 4 2 2 5 9 1^ *H 
4#fFl?5 6 8 8 6 0 5»ftifSr*»f t*S-eS5o 
[0 0 8 9] ±15 (2) <D«tt, *BttflFft5 4 2 2 5 

t°>-/</uy^dov^Tji, ^ y — gco^-<— f-c u t t4 

R»«:»tfeCu*S:*<LtVKwiCtot, T 
y^trvospi&g fcfTS0 5 *< ftiwfcfciOMRSE 
{fc«5±#bT*3>#, ¥iSSStTSW±^Cuj?S:j9< 

i?-CMR^>ft:^(Db 0 -^4:^S^^^to 0 ~<7>5Ufc«: 

ittt«i-eoiowm)Bj{s«ofc, »7y 

[0 0 9 0] b^bfttf*?^ *H»fflF*5 4 2 2 5 9 1 

^{zm^<±m (2) t°v/</uyj^-efi, 

■C?|HI«*r»*.««WI*!:fto"Ci^5 0 

[0091] s-r. /^r^«yha^tML 

TJ4, *S4#ffS5 4 2 2 5 9 m-<DWm$t t P\Zl±W.1£ 

W4i«feiin»ttft»*t*<i!i«4nrv^4v^ ^b 

T\ (2) <o»4S|j£2MR<0^y K-CttKffl-e#ftv^« 

[0 0 9 2] 4i"SSE«*H cu S:, JtttCTl^^<IH« 

UJLfco *<Dh%<0&m<0\£mKmt bTJ4, Talil 
OO/iQcm^Kl, F eMn|j:2 5 0/ificm, N 
iFeli20/iQcm, ^^-tC u(18 m fi c m, T 
ttCuttl 0// Q cmirH^tC^^oTtfg^ffl^^o 

#ftv^ *«W#<DiiK^J:4jS*tb-Ci 50e- 

2 5Oe^q#^ixfc 0 J;ot::m H in $:20Oe 

[00 9 3]fWX^ h7y>«T f =0. 5/i 
rru MR height= 0. 3 — 0. 5 u m<D t % <D 



[0 0 8 7] Se>(wti, ^cr)^h e >'/<yuy^(Z^o^T{i 
#S^Mi5* s i--<T*< ftoT#TV^(OT% JXfcTW* 
^^M^ffiSafc 3 0 0Sat^*#ftfit(^ft9, »« 
fi&ig (ESD : Electric Static Discharge) (D&frb 

t^fflftflift^o J: < £g £>;ft,Ti ^S J: 9 J", ESDIi 

So 

[0088] i^io:^^, jt&#j i <Dm\±. M&m 

it^J 2 : *S*£1*F^ 5422591-?- (* t°>-7 ^ ^ 

&<9 x>-^irx^ AFftb) 
1/Ta5 (Winra) (2) 

2 K*-f- c 

[0 0 9 4] m.2 : T»Cu«SraS*.fc*&WJttt«2 

MR height Cu Onm Cu 1 nm Cu 2nm 

0 . 3 n m 1 2 6 % 1 4 3 % 1 5 6 % 
0 . 5 ju m 1 1 1 % 1 2 7 % 1 4 0 % 

V>ftV\ TiftC uJ?^iz? D^ttt, hO. 3 — 

0. 5 ju mT% /M7^#^y h^lll %— 12 6% 
fc*S-cmA#*ftftv*J; 5ft t :4i:*tLSoT^ 

[0 0 9 5] 01 214, h7^7r^-yt^t 

<30BI«S:*bfc1K*B|-e*>i« H pin *s*#i^fcA, « 
a (D^fgTv W T * V h #ri>ft V) Lfc 

r<D«^T-f4Tit6^iS^m®T-fcSC u *JBv*T^3fc 
H10WI,^S<49, (1-5) sttzifl 

*%teH,JZttLX. m$\%<D'h£t£H cu \z£^X'< 

^wr^^-r > F^s»ft^-r> htctor<sr^^ 

ffl£t<tfto-C b£ 5o $<btc, TifcC u)¥£&tf Strfl£ 
ot, / W 7 ^ y h ^ $ b CI< 4 5 i^r^t 2 ^ 

[0 0 9 6] «±^±9ftlftff*S:fttafcSe», Gu r n 
e y4#fH-ia*c<7>*>?> J: 5fttfcj$;-ej4, /M7^*^y 

hKtf^< t*#t , Tmzmmmm<DCuzntfz>z. 
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h^Xh. *H#fFlg5 4 2 2 5 9 1 »0>IR«:5MJttft 
ffiirtefco-CWj^o as-depotWMRtt¥(D 
ffili*S*?FfFS& 5 4 2 2 5 9 l-§-^IE*C0fc5 ct 

R L < 0L'P1rZ> Z t «r*«W*ttai 

[0 0 9 8] SOUK, Gu r n e y #W<D^#I<7)Jg| 
(±E (2) <D») \ci:*)&n-rz>k. TifiCuS^l 

Ta5/Cu3/Tal/NiFe5/Cu2. 5/Co2. 
4#BB¥l 0-2 6 1 2 0 9^»f(:^$nti^± 
IS (3) (DK-Ctt, TaSr^L-C7y-»^iS»-rSC 
u^t>M^\ lt<RW2-e*Lfc*H*|f»5 4 2 2 
5 9 1 -5§-<£>J; 5(rMR^t$(D^tV7^/u^-MS: 
Btt*Lfcfc*rettfc<, «*«#H cu *ffi»£ia:T. 

U&>Lft#e>* r<DJ:5*«ffltt, (3) (75BS(0 J: ? 

fctt, ^ T*#>f V K i3«fctfMR&fl:sp£^5,& 
"C\ £iJJ&J£fflWftJ»£teftbfti\, WTtw-t<73SSl::o 

[0 0 9 9] *i\ /^7^^v h(:ov>t[^ JtK 
0ij2<D (2) ^T^L/c«t 5fc, «»7y-JlS:fflvx 

r^/K>r^ h***?**^. ±ie (3) <nmm&&%} 

-CfcSo L^Lft^b, ±E (3) WiMt*7!/-i 

ft o i # -t fc -t t> *ig ft ^ <>f 
^h**«-C#ftv\ o£<9 (3) attAoOTCKaft 
ft*t^^i-^3t*lr7 D — /f £4. 5 nmWRc-f-S 

[oioo] ^: fcSr^-Tfc*^, fHHc± 9*«>fc 

[01011S3: K&m (3) W|HtO/M7^W 
> h 

MR height NiFe 5nm NiFe 3nm 

0 . 3 u m 8 6 % 1 0 8 % 

0 . 5 n m 8 3 % 1 0 4 % 

0 . 7 ju m 8 1 % 1 0 0 % 

wCTHini L-Cfi, 1 0O e £ ^ ? ffiSrffl Wc 0 SI 3 

Sr^Sk. jtttM (3) Olfja^BI-CH-tfc^fcN i F 



nmCD<b#{r a s - d e p oTMRfftW 1 . 8 

fl?^ 0. 8%*-C3MM-4o HtcJS^i «fc w 
<D£ftWHttS3S8H4ll)tlwF e Mn Srffl^Ti^ r ki- 
ck 6 0 wixTJi, *v^MRfltSrHai"5^^HJ14«» 

ft*Sr^<«*S-frTl^ftt^t*wft-5 0 o£9, 

S 1t ft H tt , Jgffift ^ t° v ^ * /u * - SSbSfctt "Cli^fiE 

■Ctftv^fc^sfc^So 

Jt»« 3 : « M¥ 1 0-2 6 1 2 0 9^ 

eMnlO/Ta5 Wilinm) (3) 

Wnt^t, Av^R«-tttv^*.ftv^«j*«^, :?y- 

iNiF e«S^3 nmtf<45tSm^77 
[0 10 2] HI 314, *itmm\ZlStf Txtfsf 

WSiirT l^o/:f:y)[:/W7^^ y F^7!) — gJ¥ 

tf»v^^%-ett*< fcnftv^*rt^4o-cv^ 0 i-ft 

Hpin-T^TOS LKS: Lfc t r a (efts £ 

McM'^ T b&t£<DX\ ±|E (3) 

Srif nlcbJ: 5 fc LTt % ^< fit*^ft^»»lf4: ft 

[0103] $ btw, ±fS (3) ^»5l^tt§l2^ 
gtD^Fft^^ LT, «i«fejt:^gEftiSv^MR^t*S: 

?#e>nftv^*»f5r: t*s-e*So -Tftfc^, (3) 

ttW-^iK*«Ji k 7 y — WoBB(cH¥A$ixT^5fc*, 
y -|t:/j:o/c^^[:, Gurneyft^l?, 

v ^ J: 9 ft M r <d ^ t° 7 >r /u^ — 8bS^# b ixft 

(3) <o«^B|-e«:MRS(Cft**sfiTbr#TU* 
[0104] «±2^ISia «9 , ±E (3) <Dm& 
T, «*7y-«»c*JV^-cr4a**ffl»ftBW|riti:«:ft 

[0 10 5] JtKM4 : ^t°y7^/^^LXyyt 
^ ^ i/^AF 

Ta5/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/IrMn7/Ta 
5 (^fifinra) (4) *Jt««^ *5l^TH, t 0 V^ 

t«)-*w!IBtti«:KMtt||[i: ) toT-*Kil:Bf 
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3&$:ttJf tt*32l * (DmitJjfo *«iafPl # K rft ^ T *5 9 % -t 
k O e K»f^WFOTfflE*«fll i «9 t> 

> MilT^t^l^M s * t h<D^e— ^ ^ 

h<t#^^n^ 0 1- JBicasiisi-tr^a 

a«»0»»Sr/h*<1-Sri:^^riB(c*!9, 
-169026^-) 0 

[0 10 6] Witf, lfclfc«otfr&fc«:*s> h^tfvff 
[0107] ai4(t *jfc««^*3*ta/vr^*>f 

ffiBLT^Sfc*. «tt«»H w tt#*fc*#t,\, H in 

^^2 0OeSIt, tTvii««||Lt*»-t:xw 

A F 1#^<7)££/S J: o T^{C/Jn $ < ft o Tl>5 £ V> 9 

«aES:«E1-^, *tft®8fE®£#H cu lw«fci9, mSfE*atii: 

ft£ 0 

[0 10 8] *JtKCTtCoV>TC0^WT^3K-l'^ hfH£ 

[01091^4: tfc««4 0l||t(DfHlJZj: OWfettfc 

MR height H cu TH pin T H cu iH pin T 
0 . 3 ii m 8 8% 2 2 % 

0 . 5 n m 8 0 % 1 6 % 

0 . 7 v m 7 3 % 1 0 % 

::T?H in tU20Oeil^I^fc, $t4f>* 

[0 110] C^^itTv>X h^T^Sri^fgt 



*f y * AF^i£T±T<^fc 0 >/f J¥£^ t < . oJU°y 
»a«*S:t3:ff-tf d|c It, ^oH in ^4^<^^ < 
LT. ft H in *=**^ir/u1-5 J: ^CiW 

ftffi-C— StKftiJflp tt^ bf ^/</uyutS:f^ll L «t 
BJt-0#*L<fti\, 

[0111] 7U — g<o^^<— ^<kK#tffl!l<£>ffilc: 

KWWldSftirMa-e, Jtttm ££<ra#o«*-e«si 

[0 112] W±coi9tr, /MT*^ iSffi* 

V*s</U'?mt:3mir& z k ttMJK-C* ftv \, 
[0 113] K±l¥i6LfcJ:5fc % *»W#tt, JfclftW 

[0114] Hisfi, mmisit&iti&m<Dx\?>'s</i> 

3 0-5 0%oeil:fc5 o tLX. ««S:+»^#5 
fc^iCfi, fgl^M s* t {w*3V>T, ^co^BH^^/^-r r 

[0 115] mtC^LT, #Jtte^Jti, l^ftitMs 

h<omti&j>mmx~&z>zk&t>fi>z> 0 

[0116] inc^tt, «^»*i--B*«w<oiafc 

Mitt, M s* t \ZM't-Z)'<'{TXtfs( is h<D&W)&1& 

[0117] 01 Strjo^T, Jt^fi^Jl (cHlTMs* 
t ^ 5 nmTBl^J/ji k Z %Xh^»±<D/<-( T X 
iR-ils o%— 5 0%O|5Ht;im^TW c £l^ 
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^*U±. Hll:liMs*t^5 nmT£X±<D7 }) — Jf£ 

t Ltl^fBtMWMR/^ hSO. 3/im-0. 
5 M mJ: 9 k*#^fitTfc*t^&* 0 
[0 118] PfixCLTtMsn^S nmTW 

[0119] H16I1 ±*LfcJfcttm ^4^*361:: 
*5V*-*\ 7 y — Jfe^M s* t rtittfc'hS < lf:*:MR 
ffi^ft^ifoj: 9 ^fc-f *^£iE U:^77@T'fc 

fc. 

[0 12 0] * Jfc«0» 1 ~4<E>K£, *«WO|8 

ifi09 i (om<DM s * t ?y -/Icon i f e mm&& 

-<T7 7 0ttl 0 NHB^n ir* 

10121] St, JtKCT 2 <b HJfiCT 1 , 2<E>fi5««l 
i«f 2nm£OCu^lt 0 7 U — f(DM s * t L 

Ifco St, 7 y — if COM s* t t LTfi, NiFeW 
MslilT, CoFe (DM slil. 8 T t U i"^<T 1 
TWN i F eifwIftvTlto 
[0 12 2] 7y-«^»-t"5flS*WIS:WL*v^Jl:« 
Wl, 3, 4<DmX\* s 7U-i(7)Ms*t^/]^<?i 

[0 12 3] JS*«Jlt*i-4Jt«^J2^IK-CfiMR^ 
<t^7 !)-lMs*t tt#tt**JtlfeW/hSl^ S3* 
»teWfc:*&JRSrfi-Sfc^F eMnSrfflt^V^t*, 

[0 12 4] Jfctt«2, JtttM 3 wltii, y-c 
u <!:7 !i — jUN i F e tO)ffil:o. 5 nm^Co^L< 

ficoF e&WAir%k, i ^2%&t*mm* (D{g.X 9 

fc*#<*5j&S, Ms*t[:»t^fe#ttij:N iFe* 

[0 12 5] *»Wl3j:6 7!;-Ji^*LfcJBW 

ffl^*<t, ^n^^jfcfttJSirJti-SMRaEftfliOBJRtt 
So tttC, 5 nmT J: 9 fc'hS < ioti :6T', Jt« 



[0126] jwtic, *«w^«*aas*#*^i3o^ 

[0127] 0i « % *%^^{K«ffi6L3b«»?-^»rBB 
«/***i-«jfeia-c*>s. 1-4*3 
jas*^*. as^ea ioit, 7 y i o 2 <h , * 

io3t, si <omt&#m i o 4 1 , 
105^ %z <D&m&&m 10 6^, ^m\±m 1 o 

[0 12 8] r<7)#|/£K:J: 9, 7^-1102^ 
Wftt/cidria^ h7^7 7 ^-yi(7)H^ 

/h**»&^*3V^T, H cu> H pin . H in co1-^T£/h 
S**ttLT, H pin -H in =H cu £||§H-* ~ fcfcj; 

^HSll:< < 4*co*, ft»4MRaeft*<^»*ttS: 
^T-#* 0 

[0 12 9] -t-fcfe*,, *3g|3^^tr^/<^y|R«fig^ 

«tot\ ***ffl<75«»7y— m&if-rz>Wr&xi>, & 

*o Affrttfctt, /MT^aR-Y^hKltfcU-C, H pin 
-H in =H cu S:^i-* r. <b \z X 9 S»/^V7^« 

T*fc* 0 

101301st, H pin id^j-LTfi, #trlE*2^3S«B 

[0131] rftli, (1-4) S^tt, \f^M<0 
(Ms * t) pll S:tt»llJf 1 i: *SH plB tt«oftft|: 

[0132] t^u^fj^ ii7y-i<D/qr^* 
#4<* «*«»H eu t«»t-*r i^sfea-eib*. * 
ztm<nmz.m isZ-zz^tizx^x, * f^s^uym* 

ir*s-C#, H cu S:f6M$^:*r fc^UBfcfti. oS 
9, (1-5) ft. (1-5-1) 1*^*51 ^T, 
^^^co^fc 0 v/^uyjK^i:#(c{i 1 3 ^ifAQL (^ h 

*) , nM#mttCtff&TirZ> r^riot, m«t^# 
H Ctt *»*.e>ix*^fe-e4b*« *8tt**tl(Ofe5- 

R*{fc*«rlW»-C#*ri^abS. oS 9, 
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wife, Tvzf*v><o¥-ty&&'ti t &<nm**:Z<Vk 

[0 13 3] H pin -H in =H cu ^^LT^t^) 

gbft) <£>/cA>l-f4, -f~ 5 

*St5 4fH in tt-jR«J^tt*#< 4 
l\ ^ft^iEESLT, 0-2 0OeM(7)gi(7)H in T- 

[0 13 4] 0 2 1*, *^0^^^t: o >'^^^y^{w^oV^T 
Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 

— y- i te)xttm<nm^mm c u o»»i:»t*7 y 

ty^tIli4mAtt^o mmfrbfrfrzx 0 
Cu<7)^j?:£i«AD£l£5t5<t\ (1-5) xtOCco 
ftt^/h S<45-it:J:ot, «SK«lfH cu AM6« S ft 

^ L < * o it h # d ft , 7 y -JB Jd to S SSE«# f4 

[0 13 8] *«lt«*S:<S«*-e:TV^5r.4:^ 
*«W<7>^ >- h<D-ofc^, «at«#H cu Sr^»r* 
old-*"* - L< **W^*sv^Ttt, 

H pin -H in =H cu ^r^;^5:/cii:^r <htcJ:oT, 

[0139] ««E«iK^«jfe^e>-r-5 

Cu«<£>IRffJ4, *S4BiT*V^t, 0. 5 nm-4 

mm&9< fts»aifH B ^/hs< 4ot< sfc*, msfc 

K#H eu t>/h*V^S5^a*U< 4S. ^C"Ctt#«tt 
Hiii^t-C, CuSrffll^ «3&^4JR»», fc 

Kft%xSl^^T#So MxJ4\ Rul. 5nm/ 

cm, C u { i 1 0 ju Q c 
Cuftgt (1. 5nmX10/iQcm / 
30/iQcm) +lnm=l. 5 n mfS^GQC uSlJf^ 

[0 14 0] ^^f$^(7)^JR«rfflV^c^irf4, %R 
ttKsfcibfcJfclgttt IT, CuHlOMficm, Rul4 
30^Qcm, AulilO/iQcm, Agf4lO^Qc 



r £j&s-e#-C^S 0 £ feu:, iii^«@^J:S^fc 0 >^^ 
^-^fttfflV>TV^fc*6, ffi»*7y— Ji^*3V^"Ct 

[0135] /wr^Wy^^«#i 

HUT 4 bteWW^ttW*-*. 
[0 13 6] s-f, teH w fc:oi*TtMli-*« 
Lfc«fc 5 i-, *«W^*3i^Ttt7 y ~Jf cq*-<— y-<i: j4 

t\ (1-5) *te*tt*co||pfc{6*S-ti\ SttttHL 

[0137] 

9/CoFe2/IrMn7/Ta5 (W&I4 n m) 

rru I rfi20^cm, R e 147 0 Q c R h J4 
20^Qcra, P t(4 40//Qcm N Pdl440/iQc 
m, AlBl2|(Qcm, O s 14 3 0 /i Q c mdrV^fl 

[0 14 1] Jt«E«fcHL-CttWL*:J:5lc % Z^itS 

/■* s *i-a»fi.tt*#<»*5^i:tt4v^-e, xier 

[0 14 2] SfcHJi (1-5) 5 fc, 

7 y -JIfcSt Ltii tTI^r o«*^SElt«c: iotft 

-f^*"-a*^e>5*sfts«rpitt>-ai-5o 
[0143] wmm&mnmt* mmt^Hjant t 

^J?:o|B(St>^SSSPg^$ftS 0 ^ll^l4*fc: 0 ^fiiJ^^co 

^ ? ^J-fe^ L^l y-OJ? $ f4*gv 5 
H lB **it*l.4^a*«>BI» iv^5 

4:, y-ffttl. 5 nm-2 . 5nml6W*t 

[0 14 4] ^fc, 7 y-Sffl4y^>^fc: 0 ^^ipi$g 
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tf^^spJSgStTSttl. lnmgS^T\ NiFe 
(DiJ|HTIilnm-4, 5 nraSS^ttjfS I 
<, CoFeWi^:iilnra-3nmiSMtjf^ 

bv\, BJaMtJBUaf ^J¥, 7 y -lift: 

fc ^ y — if m r tr — ^ ^ <t 5 mmmmm 
corns temmim-t 0 -? ttvK 0 t^g^c 

oFe2. 5nm, Cu^tJ|2nm, 7 1)-if 
CoFe2nm^l:ii, K*«Jf KC u 

-/I <z>hv t ^tBttn««n c u <d b - 9 ^mm-ft 4 ~ 

[0 14 5] H plB ^OV^T«Wi-«. H pin £{& 

J*$-frSfc^lCf4, Bsj&SI. 8T(DCoFet*» 
^tVf^2nm^T (NiFeigt'3, 6 n m£A 
T) , *e>JwaSU<»i*S*W*fcr^W:i nm«T (N 

iFeftltl. 8nmHT) l:t5rt*a4U\ 

iga*as lv\ rnj±«*.tfS3*«ttBi/««a«4Bt 1 / 

RuO. 9nm/»»it«2i^5«*^5)49, KB 

K3*flM*ttlcl&& bfc-*<B3*BM4« 1 ttK»«H4ffltlw 

ttK2«fc^M^]#t^(D^l»^kOe ^ 

»ttt±K 2 <7>M s * t ©1^^654 t°^MMI:f 
4t^<b%Klbtl^ (^¥7- 1 6 9 0 2 6^ 

«) o 

[0146] PJ;ttf, I r Mn/C o F e 2/Ru 0. 
9/CoFe2. 5 (Rfl[(D *ffitt n m) £^5*/*T- 
fi!iW4t e yjfij:2. 5nm-2nm=0. 5nm 

(«*UBMtt0. 9nmT) ir v > ? r <ir ic* £ 0 M%>&) 

[0 14 7] H in twO^TlftPJ-r-5 0 /WT*# 

»^(D**ttftH iB Wflti bTI*, 0-20Oe, £ <b 
»-a*L<tt, 5-150eg«lC»«:i:^a*L 



[oi4 8] iwz, MRmtm<Dmmmz^^xm.m-r 

MR^k^ffif^f4*r^±$itSi:^9S#Jt*fc: 
t:iffl&W:iot 0 rtii47y-S<oR/?^4. 

5 nmS«-ett-tn*5ifH*-ett*l^5, 2 nmlSC 

^ttttttlftWIJ&'O nm^^tCft as-depoCO 
MR^t^^niz^flM&Jl^ (2 7 0°Cx l 0B#M) 

^MR2eft*-ett**t*-e»5 5 o%t«'>uu5 

[0 14 9] $ b\ZZ.tlt£tfX\*&1£MR&itm<r>?££ 

5. R»86tt«tt-»^»-Cfc5. K»««fe«fcbT, F 
eMn4^^fflV^TV^i:#^ % JbiE<£>f»*Mfc* 3 0% 
0*&"C*5. ^^>^\ Kttttttmt^^ bT I rM 
nSrffll^TV^i 0-1 5%(0^t**-e(S« 

#twfia s-dep o<DMR*ffc*ttWje^tBrt:J^ *5 
jotfia I r M n a s-depo (OMR&ik^(Di)M. s O 

a«Bi^*t»<o»A*»«**tr^^9^^»#bTfe 

9, I rMn, PtMn, PdPtMn, RuRhMn 

93 «t 5®*H:7 y -Ji<73;* :~^u:/)«l;:teW::a$ b 

[0 15 0] H4I4, £X±<Dtittbt bT, 7y^ h y 
^-10%- + 10%, o£<9, /W7^Wyh3 0 
%-5 oyoSrH^i-S^iftcOi^vfcx^ y ^ AF(75t 0 V 
■It, #«tt*W«»ffi:<oA*W>i>5H**bfc^ 

vih *«#«JWr*»t4lf*Ui*«)|ft*MI[V2 
±0, (V1-V2) / (V1+V2) ir£»1-* D S 

or, rri/y h y ^- 1 o%-+ 1 o%j ttt, 
r (V1-V2) / (V1+V2) <nifetf y 
0. i^i^^o. i«tj -efcaiti^ete, 

[0 15 1] H Din -H in =H cu fc*ai-Sfc«>tc % 

H^/h* < te^tzt H cu fcTlf4imii4 
5>*^o o^«9, * (1-4) , (1-5) ^fefc^fi 
v^Vir^-Y AF<D±TC0fc°Vg/l ( (Ms 
* t) pin £'h£< bfci»»c:w:, #8tttffi*«J|(0|Rj|[ 
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*m< L4itJxtf4br, (Ms * t ) pin £*#*!)tf> 

[0 15 2] Aflcft^tt, '>>ir^^ s/^AFS:Mt 
5ffV x tf>S^BSJ¥S: t m (p i n 1 ) , av^t 0 ^^^ 
TOtm (pin2) , #W£ifttt*J|0)llW*: t 

(HCL) (JttBgil 0 ju Q cm^CuIClgU:) 
t Lfci 0. 5 n t m ( p i n 1 ) — t m 

(pin2) + t (HCL) ^ 4 nm, t (HC 

L) ^0. 5 nmSrfl8Si-Stw6^**^^j6ia-efc 
0. 5 n m ^ t m (pinl) — tm (p 
in 2) +t (HCL) fi/M7^^y h^3 0%S 

oi!)r^ hy a*+ i o%iz%:Z)imx'&y. t 

m (pinl) - tm (pin2) + t (HCL) ^ 4 
nmli/M7^#>fy M>5 0%>£{g, o^!)7y> h 
y *- l 0%{c/j:5ISffTfc5o 

[0153] tm (pinl) - tm (pin 

2) «\ Ms*<l TCQN i F e^tftJtUfct#<D»«il« 
HC"C*9, PtMn/CoFe2/Ru.0. 9 

/CoFe2. 5 fcl*3*J«<£>v'>'ir7 t >f s/ ^ AFfflfig 
<D<b#Jwti, (2. 5-2) XI. 8T-0. 9nm<h 

Sp i nttKg^Jfr&Ktt, ¥lp i n/f CD (M s * t ) 

[0 15 4] t (HCL) tt^ftttiKSMM&C 

«*«:ffll*5*fr&K:M:, WiliLfcltffigifit^fflv^-CCu 

[0155] t (HCL) ^0. 5nmtt\ 4. 

5 nm«t!9 t»V>7y-Jitw*3(t5, ^MRH^/^ 

T, #«i4**«lf(75JBtff^3 nmW±^*5i, A R 
s ^iTt^i^^fe^Wt, t (HCL) ^3nm* 

i#3nmH±|:45i, tTV'JBOWtH^P^iBSIM*^ 
'£fc-t&<DX\ tm (pinl) - tm (pin2) ^ 

[0 15 6] B4^*3V^Tf4, ~4 

fii:Bits«p^w» i ^g(7)f-^ □ 

FS:fflv^i^*Ot! , vjlo»-&^l4, tr^»^«*lft 
[0 15 7] nH*»fetoa»5J:5fc, lttt«tt*TAff 



> hya***^*, **^iw«tntf, fiff^r^* 

[0 15 8] a±ttWLfc**9!fc£5, v-Vir-r^y 
* AFfc«fc*/h£*H plJ1 «:, *$4H c J:j:ot^^ 
o*!9H pin -H in =H cu S:lim-r6^ 

(JHfiflJl) h^SFSV (NiFe/Co(Fe)7 ]} — Jf) 
Ta5/Cux/NiFe2/CoFeO. 5/Cu2/CoFe (2+y)/RuO. 9/CoFe2/Ir 
Mn7/Ta5 ( 7 - 1 ) tf % &&&&&& 7 y -@ «t 

[0 15 9] El5te % ^SlttM^fllftfiSiSfiXX^^A 
7 7ll2iDil;, *«?B^j:5«F^»iar«Ji l 0 

1 , 7 y — Jf 102, *-<—y-m 10 3, j&Sfll 

l^tl, a«hV11 0 4, 1 0 6^ % 105^1 
TRMKttttKJS-fr U 1 0 6<rct^«asK3£«tt« l 
0 7l:J:ot-^(:if §nti^ 0 raiillio 
7^)11:8, ^rt^/il 1 3^Slt?,tiTl^o (7 

- 1 ) (Dmm^t. 7 y —m 102*110, 1 1 1 <o 
-m<ommm*bt£*) , 1 0 1 ^«ic 

[0 160] (7-1) <7)^li N CuT«l:±5MRO 
^tr^7-fyu*-»*, «««#H cu {6«J»*i, >^ 
-fexw y^AFtr±SH pla ffi«ab*«:fflv^-c, MR<h 

[0161] *5 /<>f T*#>f > htfJMS* 

(a) y = 0. 5 H in =2 0 Oe 
MR height x = 2 

0 . 3 jU m 3 7 % 
0 . 5 v m 3 1 % 
0 . 7 m m 2 5 % 

(b) y = 0. 8 H in =2 0 Oe 
MR height x = 2 

0 . 3 u m 4 6 % 
0 . 5 /i m 4 0 % 
0 . 7 ju m 3 3 % 

(c) y = 0. 5 H in = 10 O e 
MR height x = 2 

0 . 3 n m 4 2 % 
0 . 5 n m 3 9 % 
0 . 7 ju m 3 6 % 

mS^^*5*S<7)C uTiti20^#|CfiH in *2 0O e 
AF^fyfi^O. 5nmT1iS^/^7^^y 
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h fit co 4 0%£ D.fctT^^t^WcfUS ^ ktf. * 

ibZAK y = 0. SnmiH^fctfil^Stfci^ 
^5 (b) wg|tfc5o :ni:J:ot, ^5 

5ri*«^ri6lcft6 0 Sfc, ^5 (c) H in 

5 0 ^5 (a) , (b) <h (c) fcJfc^T^n 

h*#tt*/h*<45», (a) k (b) WO, 3nm 
<*e>V^M-Cfi{5i:A>if»*^^^(D-C, y = 0- 1 n 
m (Ms*t=0-1. 8nmT in NiFe) ^ 
#£L<, £h\zm^V< tiy = 0-0. 5 nm (0- 
0. 9nmT in NiFe) (Oftl^ /M7^# 

J^hkbh^ »ESD»fB*©«H4rti±*irt>#a| 

[0 16 2] Tffic uS(i/Wr^^>f y hili ^ t 

u/¥S:ff< i-tifiH c u^,Jn$ < fts^ a r s #ffi;« 
LTL45fc£>, CufO. 5 nm— 5 nm, 
L<ttO. 5~3nm^U\ MR CD* b° >7 j ;U 

U 7 y — JHflE^iW ^ 4: # K if , MR(D^b°^"7>r/u^ 

^h-T5o S»«fc»bftfc«*-Ctt, TJftCuSfctt 
ti^ 7 y — JI(OJKff<E>¥driS4 nm— 5 nmW^l:MR| 

[0 16 3] (7-1) <D£ift7])—mmtii<Dm&\Z 
It T«CuWO-l. 5nm*-ettCu»*iJin^«t 

i^cfc^R s{£«<Z>$Sb*J& s *>J: 5 if^^-fe^U A R s 
ttti£A/4f*4fcaSftl\i 1. 5nm-2nmtit A R 
srfSftjO. 1Q, 1. 5nm~3nmm ARs^ 
0. 2 5 0«*Ul*3. AR s Wig;TI«:<£>S*ffi 

U /M7^*>fyH, T*Cu»*sj»<i-4* 
a*b^*&^tt, iro7y-ii^ % Tifecuif:3 

uffSrlfiDi-Sr irtr.toTAR s^l 0%{STLfc<b 
Witfir^«ffi*- tt*-e<7)fit»a)4mA^ 
b5mACf§: tl:«toT2 5 %it*Di~S WT, AR 



[0 16 4] 7U»lWfl,^iFe4/CoFe 
0. 5 (nm) Ojjfr&fctt, TifeCui^liO. 5-2 n 
mlS^jffJK , 7 y -S^S»^N iFel/CoF 
eO. 5nm^»^l:it TitCufll l-4nm| 
W J jfSU^, SfcSlCoFeOSSliO. 3—1. 
5 nm05j6ia-C^XLTt>fllfcftV\ £fc, C o F e <£>7^ 
fc^l:, Co, {,L<|j:te(7)Co^Srffl^t()fl|^ 
v\> c o F e l:c o Srffli^i^l:ttC o 

[0 16 5] fllifcE* N i F e^4 nra?)^|:iiCo 
110-lnra, NiFe^2nraW^CIl 0 — 0. 
5nm, N i F e^l nm<D k £ {Zfe^ 0 — 0. 3 n m 

KoFeS:^nib4i\ W*.tf, Co0, 3/ 
NiFe2/Co0. 5, CoFeO. 5/N i F e 2 
/CoFeO. 5ft¥<D7V—m&%Z-b*LZ> e 
[0 16 6] *fc % IWi54W«M«t 
5a»fr9t;^ N i FeCo^47!l- I^ffl^ttJ; 
v\ 

[0 16 7] *fc % *58W-C»*JcLTt^SJ:5ftW| 

^iES^tt, N i F e(?)§W5f< 45*5 if, Ni 

%fflriTZ>tz.#>\Z^ ifi»N i F e 8 nm/C o F e 1 nm 
i V > 5 "7 y -Jg-C^N i F e OiajftttN i 80 F e 20 (a 

t%) -CftV^S, *3g|^0 4. 5 nmTJ^TcO^y— Jf 
w^-g^te, Ni w Fe a iOtNiyyfl:tS:i 
*«a*UV\ NiFeW4nmgg(D 
^tN i 81 F e 19 (a t %) iHN i ]) y^\Z s N 

i F eRffA* 3 nmS*Oi:*lCI4N i 8LS F e 
18 . 5 (a t%) J;<9 (»N i y yfl:t5ri*siiL 
V\ N i iSwiUi: Ltf4, N i 90 F e 10 ( a t %) 

[0 16 8] ±ia^i5K, TSfiCuiim«tt^H cu Sr 

ae<t*<o^t4< ^tV7>f^^MSrfflv^tv>5 

[0 16 9] /<W T^^K-O h^t^^^bv^ ± 
IS (7-1) roKTy fc x ttiSl:Jfc» bll5 t Ot?tt 

[0170] ftflcMtcji, -o<7}#j<h ttft(DJ: 5 *Bt 

mik IT, if^2nmT0)t#(:|j:Cui|j:0. 
5-1. 5nm, t'^mfcl. 5 n m T <D k # C u 
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i(3:l-2nm, t'yf^ 1 n mT<D t # \atC u /f 13: 
1. 5 — 2. 5nrru fc e »f/^0. 5 n mT (D t ^ \Z \± 
Cu/f[t2-3nm, tVPOnmT^^lCfiCu 
M\%2. 5-3. 5nmt^5ltl:45o 

[0171] ::t^ypco, t> u< tic o f e co 

i#fctttfVJI<0«»M: t = (Ms*t) p in /l. 8 
T [nm] , t°>-S^N i F e^ir#^l±t: 0 >ji^ji: 
llt = (Ms*t) Pin /1T [nm] k^?Z.b\Z 

[0 17 2] frC uteC uc^ftfetc, Au, A g> 

fc«>^t, Hilt -e#5ft:tt»v^5 5^»* 

TLi5W, 1. 5nm— 2. 5 n nu Zblzm&L 
<tt % 1. 8-2. 3nmg«*atU\ 
[0 17 3] ^ t> 7 ^ - t»M»<7) fi 

12, f c c KB fc^5«MHfc*Sfc*, Tifttm 

irLTte, f c c tL<lihcp^JS«*Wi:v\ ftft 
ftldte, Au, Ag, Al, Zr, Ru, Rh, Re, 
I r, P t fc^a>bft5&«<7>&£Ji, tL<(i«M 

oo««tf*>5. 5***WdS%*.e> 

[0 17 4] Ta5/Rul/Cul.5/NiFe2/CoFeO. 5/Cu2/CoFe2. 
5/RuO. 9/CoFe2/IrMn7/Ta5 (7-2) R u 1 n m£T 

-^—-^2 nmt7 JJ — Jf <£>M s* t d*N i F e 2 . 
9 nmTtmmy SI -iCtl^^f 1 OOegS* 
H In S:*e^3Sai"5 - <h ^t?# 5. l£H iB o>3S»tt'< 

5*-ea$U^o i/^ff)i:v/ytf^7^AF 

u^IfttlnmiU^ 0. 5nm— Snm, £ b 



[0175] ( 7 - 2 ) <7>B|-Cli, H cu ^ff^-t-^, £ # 

ELlHwfcSo tflJxJi, RuCO^^fi, 3 0juQcm 

(7-2) ^liCuflgtl. 8 nm<Dmtmmt 

fit^iSK, «-T-<D5p*9i*ffS^Sl^«). Ru^Ni 
F e l-y-f bX'ft* M*>7 

SiirLtli, T-#5;£tt{£«fficDC u. Au. Agi 
if^S*L<, Rui^WfiCu, Au. Agftif 

[0 17 6] ifc, nT1i/<77riT a ^Ru Srfc 

[0 17 7] ^5/7rJBSrfflv^»^*c:tt, T a coffi 
Ti, Zr, W, Cu, Hf, MotKliZtl^ 

SSrfflV^t, «Klnm-7nm, £<b«?£L< 
ii. 2nm-5nmS6WlU\ 

[0 17 8] ^TliAFK^ UlrMn ( I r : 5 
-4 0 a t%) SrflH^a*, I rMn«fitt(l 

3 nm- 1 3 nmgfSEWSU\ I rMn&ffi^5> 

1^5. »A««:^T?V^*fc*, IRiA9fftlc;CMR«fk 

[0 17 9] Sfc, K3£G£t£J8l<b LTfi:C rMn. N i 
Mn, N i OSrfflt^tftl^, *MRaC4k*3l3*^)fc 

r^ttbOICPd, Rh?iifS:fflV^-CtfiV^ FeMn 
i Mn^<b^Cit^TMR^ft:^^rp]±-r^/c^, — 

[0 18 0] 



Ta5/Cux/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 7 - 3 ) 
Ta5/Rux/Cuy/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 7 - 4 ) 
PtMn (Pt:40-65at%) R»k**S*«-C#, A R s $r*# < -f* ^ t , 
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V\> PtMn^9i:PdMn, PdPtMn5:fflP 
TfcAl* (n&mmm : 4 0-6 5 a t %) 0 
[0181] MRmifc&t^^Wl&frh^^O TifeC 

fc'tMR(?)i»«< 46^bt*fc5c fc*:U Ni 
F e (DlgU?;** 4 nm«J:*)^t tldl*. TlCuffll 
0. 5 nmU±fotlliMR<DWi?&&&mi%X*%Z>o 
[0 18 2] P tMnttflMSttftJtfitt^ttt I rMn 

£<#£L-V\ r(D«fc5^, (7-3). (7-4) CD 

[0 18 3] f:^U P tMnCOfV U 5/ h <h LT-^ 

WJ¥£LTf±, 5nm-3 0nm^gSU\ £bt-M 
SU<I4, 7nm-12nmSMJU\ PtMn 



^m^{Ct», (7-4) CO J: 9 ^ , 7 y — /f CDTiffi^— 

[0184] (7-1) ~ (7-4) <DnMffl<D/<V ^ 

*Mt5:tMt5)h5o #J*.fi, Cu, Ru, P 
t, Au, Ag, Re, Rh, P d * if ^gjffit L < 

\±mmm&m\<^xt>£\<\ zcommzx-oxm^^- 

BgJ?<k LTfiO. 5nm-3nmSS^ffSU^o 
[0 18 5] Hi 5^BBUT*JS6U*:J:3lc % *HJ6»J 
cox t> JtRflll -4 £Jfc-<T, /WT^ 

[0 18 6] Sfc, Ell 6fcMLTtffj£Lfc,fc 9^, * 



(HJ£0iJ2) hy/SFSV (y^CoFe7!H 
Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/IrMn7/Ta5 
Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 

6/C o F e 0. 



I) 



i54NiFe/C o-^N i F e/C o F e <D J: 5 &;fg 

^y— jusjftsrffl^fco o*9iai*w*3^-c, 7V-m 

102WIWCoFe^?>*l |i|tll0 1^ 

[0187] (5nmT in NiFe) SrHStS 

4tt<5tf, »l*5)45CoFB*7!)-ItliS 

Sfc^5>yyh^*5o C o F e fc*3 0«iD5c*& 
LT, B, Cu, A 1, Rh, Pd, Ag, I r, A 
u, Pt, Ru, Re, Os^«t5/j:t^S:»iDLtt) 
flfcb*V\, Lri>U CoFe^^)^^:b e a74C 
o-Cttftltt*|ia"e#4V> 0 CoFeftCo 85 Fe 15 
a t%-Co 96 Fe 4 a t%^S*LV\ flHCi&^SJ: 



[0188] Sfc, CoF e^y— JBttttSM4tV^5« 
SHf cc (1 1 1) EfSlLTV^r^^U^ 

#tas/h£ <ft5 <fc 51- fee (111) lEf^bT^t^ 
»SU^ C o F e B(DJ; 9 4Miffii|^7^^7 

[0189] y>^C oFe7U — JlteM s d*N i F 
e J: fc^ct^Ct^^l^CM s* t 4rHfli-4^t>» 

tt^fetWflJtttSo «X.tf4. 5nmT^)7y-i 
^t^CliNiFe/CoFeTU NiFe 3. 



(8-1) 
(8-2) 

5 (nm) th-^;HgS«4nra 
'/^^UC o F e 7 y — jf-CteiC o F 
e2. 5nmt^^ Ni F e/C o F e J; Hft 1 . 

xm^mmzm-fz t, yv^xv^m^-izm^mt 

-<TJ?^fci6-7^yU^r^ hSJx5^, NiFe/Co 
F e CQ h — */MBI»4 nraSSW^^Ty/^^ 

«Ji £J¥ < i-n tf i-a f5 if is + > h a*0?|g#-CM R # 

[0 19 0]-*, ^^/UCoFeClltH 2. 
5 nmj: 9 SfTS^gv^A, & 5Sg<7}JgJ?: 

aa*«<49. MR#±#t5o SKWJcjinaima^ 

C uS:fflV^4fr&^fi % CuliNiFe/CoFe, 
t L < H C o F ef^e>4§7!) — Jf (£> h — */U8Mj&S 
4nmg£ tt<li3nm-5nm(7)^l:MRt- 
^Srtiwi^RWt^WbtfC^So o£9, s<^r 

i F e/C o F e -C(4X t° >7 W vU^ — £ \, > 5 ± 9 
fc hJam^fci6MR(7)^>^ l b7t b-T^, CoF 

e T-iix -7 ^ /u^ — a*tw .tot, /M7^^y 
hP^ir <b 4>i-MR±#^m<^PjSSrH^a^ <t^T*# 

7 y -jf t <7) h — ^ si-mmXM R ^ tt^S #££co 
T% C o F eK*«SftV*l2£\ M R hT- ^ * <h ^ C u J| 
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/u^ — 7s \f X\ifM% LV\ 

[0191] SNf N i F e/C o F e <D& 0 
tt^m^-e, *«CoFe7!l-li7)IJ5^MR^ 

[0 19 2] BSiHtttiXIOfflR-efcSN i F e 
/CoFeiHCoFe <DWM<Ote b &Mffl&&g>o 

mz % i«7 j -if»JHH*U"efc5o^ hl 

ffirfS— Oif;t5N i F e/C o F e <7)f5 ? ^^J-Cfc 

So 

[0 19 3] (8-1) (Dmf&X'&s^TXtfof > h 
fc, *lS«lo»&i:«»SlRl«lw3 0-5 0%<7}ft£Fft 

[0 19 4] ^y-S^Ms*tft#tt{r^LT(i, M 

s* t ^/hsv^iir h9>*7T—*—y±<DmmR 

Hs^S<4ot<5fc«>, J:9«*ft'<>fT*5K^ 

■tT?M:Jt«wiS-<*:J: 5 y -Jf <£>JBSJ¥#»< ft £ fa if 
;* tr > 7 >r /w* «£ 9 m R tr— * #tU«i-5 WW 

[0 19 5] IftWHIt 7!/-iMs*t-4. 5 n 
mT\ CoFeiS2. 5 n m<D t * (Kjiiliii^ft 
»4IK*ttC uiffO. 5 nm-4 nm, $ h\zm^ 
Kill nm~3nm, Ms*t-3. 6nmT\ Co 
Fegf2nm(7)i:t(:|j:Cu8»lT\ 1 nm-4. 
5nrru ibl:i*L<ttl. 5 — 3. 5nm, Ms* 
t — 2. 7nmT\ CoFelJIl. 5 n m<7) £ # dte 
Cu^^T\ 1. 5nm-5nm x Sbl^H*L<tt 
2nm— 4. 5nm, M s * t — 1 . 8nmT\ CoF 
e«flnm(Oit(:liCu«ftj(t\ 2 nm-5. 5 
nm, $ e>lwS£L< J*, 2. 5nm~5nmggirt 

[0196] ( 8 - 1 ) VttLB&tmtemt IT I r M n 
SrfflV^T^5^^*fL, (8-2) -eilPtMnSrfflV^ 

tt#lfi±U ffi^fiiaMijMxSt^S ^ y s/ htm 

btL^) 0 C*U3u NiFe/Co (Fe) 7])— M<D t 
%kmmxfo& Q tc tz. L , P tMnS:fflt^t^w|J5 
^ H in ^±# L-^-n * 4: v * 5 Mfl£*s *> 5 fc«> , 'UT 
xtfsf > hfcAWftfc r^lcKfhi-Sfcft^tt, I r M 



a t £^£-£5. o*t)a5*SS<offlll¥S:tSiD$-frS 
^ir^^T AFW±T^tf^JilK/¥^Sr I rMnOi 

fc, >>-fcr^ AF«if(7DA t £iS*D£it£~ t 

5 w i L < ft < , I rMn^^i: Jt^T CoF 

e 0 - 1 n mgS^JfJPT^tf-r^ r. t L 

V\> (8-1), (8-2) (0/<!ix^-> 3 yat, 

± 9 teffiffck^Z. bn>5 0 Ta5/Rux/Cuy/CoFe2/Cu 
2/CoFe2. 5/RuO. 9/CoFe2/IrMn7/Ta5 ( 8 - 3 ) Ta5/Rux/ 
Cuy/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 8 

-4) z<Dmm-&^xtti s ^mmmkisX. cumm 

-Ci*ft<, Ru/Cua^SMtMU: 0 «SJg| 

[0197] 1. CoFe ttSfUtt 
2. H in fi«»* 

±IE1. (^CoFeaillMPCHLTtt, 

CoFe ^1MJ»C ioTKIS:$J«l t«t 5 
<bi-5t^-CfcSo o£<9, *«CuJ:nCoFeO 
f c c - d (111) BWHitittf C o 90 F e 
io (a tmi c%) 7 y— Jl*rffli^fc4:#^tt*«^*: 
# < 4 9 ^tV^C o F e 7 !l -i^«ISr, "tfniSflF^ 

S*LV> 0 Ru COffetC Re, Au, Ag, A 

U P t , R h, I rfo^lSiP d ft if #3* % 
Sffilll*4:v^5**-CttT»— ■ft^Xft^c o F e 

90-1 o^^isrtiaotMii-efcSo Af^ 

tt^tt, C o 90F e 10 — C o 96 F e 4 <DMf&fa\R<DC o F 
e^7y-|*fflv^n5. JbfS2. OH in i 

5 0 SFSV"(:1j:MR(7)7t:>7>f;u^^H < 

^ y — m<D±m<Di/^ > h\&Mtt^^o 200^^- 

*W4-e#5*:*t*lXa5*SH4L<, Cu-2 nmg 
*0«»^^-**ttt^fti-a«^£.Kft(7)"C, — jR 
tt^^^-***#tt**tftH lB «»tfHJl^ftS - 
Ru/CuaiBmr^aot, Rul. 5 nrn 
/Culnm-2nmTi, 7JJ-|Msn3. 6n 
mT, CoFelf 2nmH^if7y^|, 
tCu2nmt^H^T\ H in £ LT 7 - 1 3 O e t 
^5ttH ln «r*a-t'SC4:3ftST?**o (7-1) , (7 
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[0199] * fc (8-1) — (8-4) <DM1foM<D'< 
u, Pt, Au, Ag, Re, Rh, Pdft^fl 

*^IWi:l/tf±0. 5nra-3nmi|ffiiU\ 



- 2) (O*JS0IJtw*5V^T{±H in ^2 QO&U&Xhotz 

[0 19 8] H cu ffWi:^9«^?>*fct#t-tt. R 

fo5o ofc R u <^lltfigil± 3 0 // ft c m/i 

<DX\ c tO^^yhMtttllltSfiilO/iQcm 
(DCulBfiat l/3a>fltJ¥il*5 OTA. 
fi, Rul. 5nm/Culnmi^?Mtlj:v't^ 
h^CuBfilft' (1. 5nm/3) + lnm = 

^hASFSV (NiFe/Co(Fe)^ y — JB) 
Ta5/Ru2/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cu2/Ta5 ( 9 - 1 ) 
Ta5/Rul/NiFeCr2/IrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cu2/Ta5 ( 9 
-2) 

H i^>f yco^lJfeOTiwOV^T^i'o H6I1 *^J6 
OTIC****** if^</u^IM(l*«:*-t-«ftBI"C**. i- 

ssafittttiK i 2 7 j&mwb sn, t°>a 1 2 

6, 1 2 4^11 2 5^tTS3»tt^^ltl> 
2>o 1124 JilC^^-f-Jf 123, 7U-1122, 

113 2^K*te>tb-CV^5o 

[0 2 0 0] ( 9 - 1 ) coH^OT^, K&»{£R*5A«J 
»112 8^lRu^b41 12 7<Dfc&m$m& 
P t M n , y V —m 122^ 129, 130 (D^M^m 

mmfrbj&0.£titz.m&x~tbz> o 0-2) commm 

I*, KttttttMMAejffM 128 ^133 (Offlt iUTR 
u, 1 3 4 (7)1^ It N i F e C r OZ»^M$ 
n, 1 2 7 0R3i«ffiBtAS I r Mn, 7y-|^12 
9, 1 3 0^2lfe^M^Wct^SMTfe 

[0 2 0 1 ] 3^ h t e >^yuyKt-*3V>T 
fi, T a m<Ds< y 7rm<0±_\^ £ iCK^tt^^SJ 
PliLT, f ccffclihcp(7)TM^lnm-5 
nraffll^ a OT;tfcf* Cu, Au, Ru, Pt, R 
h , A g , N i , N i Fe^ilb^M, MMttt 

ifjftSffli^ixSo :n^i/-K (seed) m\±U3kW& 

1) (DP tMnOHIWlifc^tttfi^RuiS:, 
(9-2) <D I rMn^lW^VNtfi, Ru/Ni 
F e C r <D««HIS:fflt^ 0 r <75JR3fi«i4BS*gSS0«J« 

5 nm-2 . 5 nmglwSi^^t^ffl^^t 

[0202] ^^^tw.t^^^r^/K-r > h> y y h<t 



#^Jf ^if ;LT US 9 t . 7 y -Sic3fi-5tt 

<^»»*rfflv^Sr.i:^#*Lv\ OT;iJ2, tefeSt(DN i 
F e^Rt)!) i^, NiFeilCr, Nb, H f , W, T 
a**J^0UTJtttSiS:±Jf-CfflV^5*lfeOT^%*.e>n 
5o ( 9 - 2 ) T?»N i F e <7)ft;b 9 twN i F e C r £ 

[0 2 0 3] R&Mffl&k Ltli, (9-1) -C11P t 
Mn, (9-2) "Clil rMn^ffl^tl^o PtMn 

»&l»OMRM<W«*#l:/hS < , ilMR, IAR 

l\> P tMn^ftbJCP d P tMnS:ffl^tfcftl\ 
*F4 Ll/MSiJMBHt Ltl±, 5nm~3 0nm, $ibt- 
£f*L<te, 7nm-12nm^ 0 
[0204] (9-2) (DI r M n Srffll^;* U^hi 
Utll P t Mn i 9 t)*«*«T?Wt^t?5fc», m 

■fSSrSMf 5 CI ^^-e§^ o i rMn^BWtUtli3n 
m- 1 3 nmj&*a*LV\i I r M n t A^JSte* I r £ 

tl^o I rMnO#*30^|B*fc||4J(l5c3mt*trR 
u RhMnSrfflV^tti^o 

[0 2 0 5] JzfEC0j:9ic, S»«i4«tLTtt, Pt 
Mn, I r M n , Pd P tMn#*t»SU^ *« 
0J(D7 tV/^/uyiO^ 77 ^ > h^^^h^V^ 

£ "C ttS3*M£Ktm£ J: o r * Jx * t, o 

<, NiO, CrMnPt, NiMn, a - F e 2 0 3 ^ 
[0 2 0 6] v'V'irf^ tf>-if ^r.H<^5Satttt-W 
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NiFe, ^fcltN i F e <b, C o t) t< liC o F e(7) 

<D±T5£ffi£telf <£>M s * t Mte:7 y Idffi LtRlt 6 

[0 2 0 7] ^-f-l^o^Tfc h t/79<<(7<Ok£k 

frtt^tt, 1. 5nm-2. SnmWSSK, £ 
e>KBSL<W\ 1. 8nm-2. 3nm»tU\ 

[0208] ^y-ii^LTtt, r ^-eoSHfeflfl-ettN 

i F e^fflfiE^S h y^>f^i$ t^fS/^o Jr 
WfttwhfcN iFe/CoF e «g 7 y ~Jf GOg^df*, 
N i FeWfi«fftl:#5N i Fe/CoFeif7!J 

fc/hSl^-C, htx^-f J: 5 i F e^a 

[0 2 0 9] CTaikf, N i F e 3 nm/C o F e 0. 5 
nraai7!i-i(Dt&iI|j: h ^^^^^"C^N i F e 
^MtLT, Ni 81 Fe 19 (a t %) 

i 81 Fe 19 (a t %) T^h § *jEO«^ffi <h ft o TUffl 



[0211] £t>\zm<o&}%:k It, Cuitli:i5 

y — ■ i^t ^5 k fc Mfe & tM r mtm<D'£ittet£ 

[0212] IlilftC uWWtoffifflli hy/SFS V<7} 
±T<£> tVIlfli: J: o T*iS«dS»»^r *x5 r k 

#3;ii:lCfe5 0 0IJ;Ltf, lR)C7y-ii?tCu^rt^ 
^ftlMfr&lwttH lB #3 OOeWifcofct^Cu 
^ty^fflV^rtlziBftl 0O e 

[0213] (9-1) , (9-2) <Ds<D=. 

— isa^kVX* 7H-iCoFeC8Ui|fiiC 

u0>*b0^ iJi&±^mfli^&ftaK««j|-e« 

J*UfcfcJ:V\ tSx.fi. Cu/Ru, Cu/Re, Cu 

/Rh, Cu/P t ftif^if «b*x5 0 lil:t^M 
tttit Ky^#>f7 p <Oi:#»c|EasUfcJ:5teCoF 

mx s t#i4itt-e*5, {&H in 

[0 2 14] AfcWftBtfltaS;* Ltlt JfiTFOJ: 5ft fe 
[0215] 



[0 2 10] #*IE<a;fc#ft2K>f > HW2^ltk5iS 

Ta5/Ru/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cul. 5/Rul. 5/Ta5 ( 
9-3) 

Ta5/Ru/NiFeCr/IrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cul. 5/Rul. 5/Ta 
5 (9-4) 

±EiWMtfc:*5V*-c* Cu*«(OJtfitti0/iflcmi: 
MLX, R uli3 0 n Q c mt£<DT\ t^'>t^F 
M^ttll CulnmCSU Ru3nm^l«(0 
a*Srtfc?)trtl:45o o^*9, ±f£ (9-3) , 

0-4) <a«i»w*5i*Tw:, mmmMnmmt±cum& 

0. 5 nm-3 nmtWISiTlt^n^Wt:', Ru 
fc 1*1 fill- 0. 5nm-6nm(DKItfflV^Wo Ac 7c 

u Ru-ettJtfifttai<^trv7-f/u^-sai*ttcu 

<&»&J:9 fc»v*fc«> % CoFel:Smss»tBtl 
tit Cu©l55W4U, Sfc, Ru^fc^«9J?< 

r i nftaf wfk^i b fc ff * L < ft i ^ 

T\ C o F e JC^ L £ -frT C u ft if SrfflV \ Cu^i5fi 
0. 5nm-2nmffll^lt\ 2 JI<E>flfc 



(HSM4) #h^SFSV (CoFe7!i-|) 
Ta5/Ru2/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu2/T 
a5 (10-1) Ta5/Rul/NiFeCr2/IrMn7/CoFe2 

/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu2/Ta5 (1 0 - 2 ) #|£ 

7 y -jf 1 2 2 0ftfc9(w*a»OC o F e S^fflV^ 

tix\,^9-{y(Dt>(nxibZ) Q ffiriEbyc^ 

%XL*fi^<HJ£CT3 <blRl«T-fc5o CoFe7!)-l 

Srfflv^^yyut v^^9^zfcok^ kmmxh 

I^WIt^MsU^NiFeilf 
3. 6nmT(D^^\ MsU-4. SnmTt'lt 
CoFe*Jf7y-14e,|lBm[2. 5nm 
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iFe/Co (Fe) f£tN i F e 4/Co 0. 5 (n 
m) £*0W*<V<*9, Jl[i»«i«rK»t4wt»3J:5 

5w£ri>b, ARstCoFe¥f7y-l^ltKl 
T, 0-3 0%«^-t"4 o 
[0216] EA_h<E>r M s * t O^l^lT'M 

s* t CD* tfV7>f^-MM#?)n4w fc, 
C o F e 7 !) -i^HftMT*fc5*H*M^li 9 H 

I 3 (D^'^-X <o ta*u\ 



[0217] (io-i). (io-2) cq/< 

T*«f*Lfck«fcV\, Wiii, Cu/Ru, Cu/Re, 

^&<d& 9 o f e y v—mcommzm.wzX'D 



Ta5/NiFe/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cul. 5/Rul. 5/Ta5 (10- 
3) 

Ta5/NiFe/IrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cul. 5/Rul. 5/Ta5 (10- 
4) 



fi7 y -I^HSt^Wlig t \mmtta 

ZfrbXIhho ^FA^^/(7)i#i;ij:Cul(:CoF 
e^SfllJlStL* w h\Zt£<Q s tWitllllCowF e l0 
(a t%) Srffli>5<h. *flUa5*#ft«S«c4 9^1- 
v\> *ix*:]E«^5/7 h**4fc«>fc. Coy^fWC 
oFeSrffll^li^iSU^o JMMSfcM:, C o 90 F 
e i<T- C o 96 F e 4 ( a t %) <D C o F e 7 ]) — Jf £ 

u^o uicoyyfiathcp 
ft^a^ELTb* 9 1, ^y— «*>*)«tt#*{fc (He 

^iS^c) i"S^T% CoggFe^i^iCoJJ^/ft 

?^Co Fe^Mffit^:tlj;Ifl</j:^ 0 
[0 2 18] ±|B^BI*J*fc:l3^T* Cu»K<OJt«gi 
1 0 m Q c rntC^LT , Ruli3 0 /i 0 cmi^t 

LTfi, CulnraC^U Ru 

IS (io — 3) , (io-4) 

C u¥Jf ^S'&UlO. 5 nm~3 nm^T^g|tffll> 

5 n m— ' 6 n m<7)|5[Sj~C 

-SbSJiC u <Dm& <fc 9 tSlV^fc*. C o F e dig 

R u «9 J?< -rz> r. fc h**** y ^ 5 t 

#SL<fc^O-C, CoFel;8LSttCu4^iffl 
V\ CulfliO. 5nm-lnrniSffll^J:t 2 



±) Dei-, mm&i£&tft&mfi<Dft±<DWLj&friott 
*mw<om 2-^6 aitifeajBntzH Lxmm-fZo 

[0 2 19] *1\ »2-»6^*lK^»||lfc*a4a 

[0220] mi *&m<nm2~-ns6<Dnm<Dj& 

T, £«l OtCTv— yt-Kl 1. T^y^fltl 2 

* trv-z^yi/^ffli i 4 t— *Ko«/<>f 

r*«ti 5J3j:t5-»<75«ii 6^^«^;$n, £<bd 

#«ttT»» 14 1, 14 2, R3£««Ui 143, flfrffc 

mmm 144, *twjf 145, mik& &m 1 4 e , 

Sl 4 7«$ntt^o 

[0221] n 6 \z\±*%m<nmm<Dwm<D s y a f * 

*tt*<t*A R/R4r^i- 0 ^fcimcite, ffisjkSIM 

Sr^-To *fc*8t;:H:S y AF LfcRSSUKttSo 

0 £ 2 0 OTCfcfcW-S S y AF<D&faM&mW&M&m 
t (D&W&'&fem J is J: a y*>^a«T b £<Z>BB 

[0 2 2 2] 
[3cl] 
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&6 

&fi/Ta (Sum) /N I Fe/Co Fe/Cu (3nm) /CoFe (2. 5nm) 
/Ru (0. 9nm) /CoPe (2. 5nm) /fift8tti/Ta (5nm) 









0 n ft f* j* 14 x 


j u y^sy 






RIP <ii) 


J Urg/ci 1 ) 


H«V(0e> 


ft&Tb(C) 


AR/R(I> 


j i un it id 


c 

V 


n ft ^ 

V . V H 


A ft fi 
* V U 


9 e n 
c a U 


7 0 
r . 0 




7 


0. 045 


450 


270 


7. 3 




10 


0. 0 45 


450 


290 


7 




20 


0. 0 4 


4 00 


300 


B. 5 




30 


0. 035 


350 


300 


5. 6 


Rb!OMn80 


7 


0. 0 2 5 


250 


235 


7. 1 




1 0 


0. 0 3 5 


3 5 0 


2 6 0 


€. 6 


Rhl4Ru7 Mn7& 

»» u nn u ■ cn 11 1 7 


7 


0. 0 2 


2 0 0 


2 2 5 


7 9 




10 


0, 03 


30 0 


246 


6. 8 


Pt68Mo47 


1 0 


0. 02 


250 


290 


7. 9 




1 5 


0. 025 


400 


320 


7, 4 




20 


0. I 


>600 


350 


7 


(mm 


30 


0. 1 2 


>600 


370 


8. 2 


N 1 SIM a 3D 


1 5 


0. 02 


250 


300 


fi. 8 


CrMnPt 


1 5 


0. 02 


200 


240 


6. 9 



I rMn. RhMn, RhRuMiK C rMn P t fcJ^fcXl^W/R : 

2 7 or. 1 o&W0»M**Ufcfc0is* 



[0 2 2 3] [g|2] 

fift/Ta <5nm) /N 1 F e/CoF e/Cu (3 Din) /CoFe (2. 5 am) 
/EfcBttB/Ta (5nm) 





2 0QEt£tf* 


2 0 0tU3tt« 






tm 


as (oi) 


J (cri/ci 1 ) 


H™<0e) 


S£Tb(U 


AR/Rtt) 


t r22Mn?R 


5 


0, Q4 


170 


260 


6. 6 




10 


0. 045 


190 


290 


6. 2 


P 1 6IMn49 


10 


0. 03 


I 30 


300 


7. 2 




20 


0. 1 


4 30 


350 


6. 7 




30 


0. 12 


5 1 0 


3 7 0 


6. 4 



2 2 4] [£ 3 ] 
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2 0 0T:k:fctt?> 




«* 






J (erg/ta* ) 


MTb m 


1 r22Mn?fi 


5 


I 2 


0.0 1 


2 10 




6 


s 


0. 025 


2 3 0 




5 


5 


0. 045 


2 50 




5 


3 


0. 0 5 


2 50 


RhZOMnSO 


r 


1 3. 5 




1 90 




7 


8 


0. 02 


2 25 




7 


4 


0. 025 


2 a 5 



li^t58ftl*lS:S y AFl:j;oT«^L, S 
3t*JiLT0. 02erg/cm 2 W±^H:^S 
y^flM^S/hS < is «fc 9 K**ffi*Efil S* 

m^:^ 3) Sa«i«Mf^2 0nm^ 
T, ±9»SKttlOnmSJlTtt5ri:l:±9, 16 

rir, -t LT 4 ) aft2 0 0 € ClCj3JtSX»fe'&«ttJ 
£0. 02erg/cm 2 ^±(m:ii:J:^ « 
2 0 0°Ci^joV^T^^<-rr^^#H UA * £2 0 0Oe 

«-hfci-« E»*tt*ifa*feW£*^*>;* 
tr ^/^/uyjB-f^Jnfos**^^ 2 o o o e tfcot 

[0 2 2 5] Hi 8tt^tt»»^Sti"5^tr^y^Bt 



H UA * 4: LT2 0 OO e K±S:#i"«»ftH»»tt, M 

[0 2 2 6] Hi 8T1i, a^ir^f-^: ITiDH^t 
fc 5 KIM** n <©ie»-e«<k g SB HKfi: # 9 ^ 

tf>fc;h^ 2 0 0Oe^^M#{:^ti:[j:, ~<7}$£ 
[0 2 2 7] t£*CON i OS»8tti^, F eMnC r 



A/ if JriM#b*l4v\, 3 0nmf(7)CrMnPt 

[0 2 2 8] t**<7)*S«0«jl:H*Jltw*3l^-CJ±, *7 
l£*£*iT^5 £ 5fc* P tMn^ffll>fci^t:|j:2 0 

itm\*6. 4-6. 7%<fcJt«5»fi^fit*^i- 0 

[0 2 2 9] £jh,fc*tU *6^i-**WO**So» 
ffiU:«fc*Ui, I rMn, RhMru RhRuMn, Pt 
Mn. NiMn, C r M n P t 4 if CO/p $ 2 0 n mJ^T 
<£>K3S«t£JI§:flH*a;: klzXV* 2 0 0°CHTH UA * 

^2 0 00 e u-t^mtitzum^m&i^ L^ts^t 

5fiKtt/i^W:$OTPfifi#*L< te3 nm&l"e*?5 0 

[0 2 3 0] 119 f*H UA * 2 0 0 O e 
Sfi^m^^tf^/u^JR, fcJ:«*<7)H UA ^5 0 0O 

e<nwmmitmmm<DX}i o >'/</i>7m\z-D\,^x, 200 

<C^T 2 0 0 o e ^«HB^>f r ^»#Sr#ifc»^oa 
-To Hi 9l:SSnr^5 i5te % te^^^sst^B* 

^'^ym*. 2 0 0tl:^t«H w * #2 00Oe 
¥S«ft@*Jl<^Hm, 5 1 OOe tljfc^T/hSV^ 

^t>*^fce>r . 2 0 o"Cfc*3*tsH*wto«NF*-fK 

[0 2 3 1 ] I rMn, RhMn, RhRuMn 

[0232] «6o**w^jas(o»(8^aov^r 

I*. T b ^ 2 4 0 - 3 0 0t^i(7)SaStti tfiif 
^Jl Sr Jb® 5 * ft 4«|jL £ *i T 3£fifr|*feft:g 
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tltffS^o. 8 nmt«i5It*»iL< , Sfc 
Ru, Rh, Cr, I r^^^fflt^^ir^tl^ 
*fc3ft«tt»A^»»tt«B»Ctt, CoFe4ifO)Co 

[0 2 3 4] S bid, BMbBttJlaKfl^fflft&tt^ 

■eB, 3S«^At»af**B*rra*ini^i&fpaF-&Sj6j 

g^^5<7)t\ A^tti B <7)gl|:^ 2 n m 

»^tt««il*^»ORtt«ttWte-&«#*ISl 7kOel 

ffl«4^aw»«*.tf 7 ko e twbiiioim 

[0 2 3 5] *6O*«W03*lfc05»JiJC*3V^-C«fflL 
TV>5 S y AF«ftte-&JB^*3l^rtt, CoFe^T* 

nm, R u-Cli^S;SnfcBS«tfe^S<^B^O. 9nm£ 

1~5 c <h \z x 9 , R3a«ttl£^«IM*#*j 4 k o e -efc 

[0 2 3 6] *«W^*5^Ttt, Si«tt/iAi:3a«ttS 

b (nm^mMi^mtm >tk *? s v *tt»BtttJi ao« 

v \ SSKttS A <b SSlffittJi B <0tt1£KJ*4S|3:tf 4* bv 

»«f^A<0«*Bt*dS»«tS«BW«ft[a« 

[0 2 3 7] tt«ttJ|A^tt«l|)IV3»S9ftBttJ|B 
JlB<7?«ttffltl¥>5St5»^L^4i'&^it'<T, ESDiCj: 

»«tt»A^aft«*tr«-i"^5fi«tt«Ba) 
ffl£$U»/¥<73Jfc# 0 . 7 — 0. 9(7>t5ffli:i-^r.i:^#S 
lA\ CTx.tf3a«ttJBAiC2. 5 nm<£>C o F 
3&®H4gBIC2 nm(DC o F e^4it5:^^9SL 

v \ mmm a <t mm^m b ottttiiwa'istf « lv 

^«fF!5 6 5 0 8 8 7f) I^CioT, ES 

^^T*#So 2 0 O^tCfctfS J <£>ffi#0. 02 er 
g/c m 2 Mn 
I rMn, RhMn, R h R u M n ft <^<b * 5 y -M 
nft, *>4VM±AuCuIIJBO*a"Hkti**ttt1-*R 



^V^) £ % ^^^[iPtMn, PtPdMn, NiMn 
ftif*»e>ft*aB^iE*ftoaBMl:ft (CuAulS £ 
^tr53fi«M4Jf (MnW4 0%i^_b7 0%&l7t^ 
Sti^) Sr. fc*VMiC rMn-^C r A I ftif^C r 

[0 2 3 8] £ f)l::hb^t'2 o o'Cicsjw-s J 
COft^O. 0 2 e r g/c m 2 SLb**^ttffi3eflS*3&* 

[0 2 3 9] ^SI^SttfcErnlftS:*^^^^-^ 

fS*MA 0 tTb *s£l*J<DM&frb. 4Mi:*SA0^8 o 
SJlTtJ 02erg/cmHMq|f)il, 

5 0 P tMnft^^ffi^]E**lcaaWt:LfcR3ft«tSfe 
/f, C r Mn iifW b c c ^OSaEttit't) WHS 
*ffi^Elr6l1"Si:»V^R»«ttlBt»-eieTb^o2 0 0 
°C"C<73i§ii * j 5 0 :^t:S«}i, f ccffl 

<7)4§^tt (ill) h c pffioi^lj: (0 0 

2) fc c -^£, b c cfgco4§£i3: (l l o) t°-^£^e 

*tfP tMn4ifW*&l:f±, »fft5 f c cfi* (1 
1 1) BE|6]L-C^4r fc^VMi^liHtLfcE^jE 
^(7) (111) aBtfElftLTV^Sr. t&Mvfc-fZo ft 

[0 2 4 0] ft*5, i2 0(^fj;9(:, *<&B5a>fcO 

h<^»e>SfA«J4«la— ft1"5 a 
[0 2 4 1 ] ^0J:5 4Aff4**BBEM«rliai-«fc 
Ji, * tf>/<yuyj»(7>j5igtt^S^^ft^^3ffii»S:ffi 
A»*JLfc#H*l-efT3o 1 O^orriH^-C^ 

«#«^-e#53SB»wJ:Sfi8Ht, 5 o o PP m KTfcifc* 

T*X'<y# ft 4f<D#ffild «t «9 igftft^yO^— 

f±\ Au, Cu, Ag, Ru, Rh, Ir, Pt, Pd 
ft^a>*AJ***fc«VM±-&4Tiftll^, N i F e. N 
iCu, NiFeCr, N i F e T a 4^N i 

[0 2 4 2] EJLb, r»}|Mafefcf?4ffl*<oi6i±j i:gjt 
Z>*3£W<D& 2-^6 ^Hlft^^flgt-B81-5#iiMftK 

[0 2 4 3] *KW<D%2~~m6<Dnm<DMmiZ 
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[0 2 4 4] mifc<nwm 2) in \z*mifcMm^fr 

T/U^y? (A 1 2 0 3 • T i C) mffi. 1 0\ZT^—^ 

Kll, T^y^Bi Z<d±\zxk*^s< 
/uyf^l3iSrMt5o ^ricTv'-A'Kl ltt, V 
^0. Co^T^/U^r 
F e A 1 S i ^^ifT'fcoT, N i F e 
^FeAlSi -&^-efiW««w i 9 *ffiBnfiiSrl»*i-* 
:i^U^, SfcT^+y^Bti 2lc:ttJ¥^5-i 

0 o nm^r/u^^^br/u^/jrif^ffli^ixSo 

[0 2 4 5] ^ t c l>"</l>Zfm*\*X tV/^/^i 1 4 <b 
— »(Dfll'<*f T*1J|1 5*3±tf— #<D««1 6#>b*J* 
^tl6o ^^W^yRt Ta, Nb, Zr, Hfi 
if^f* 1-10 nm<D^14T*S 14 1, s&W-fc 
CTJ¥^0. 5-5 nm<7)f£2<DTiiyf 1 4 2, R3S« 
f£Jf 14 3. ffitftSi&S 144, 0 . 5 — 4 nm(D 

<pmm i4 5 N mit&fem H6, jMekusc-c** 

0. 5-1 0nmO§lIl 4 7^«Sn^ 0 
[0 2 4 6] ^(D±t-^r> y^il 7 % ±v— K 1 8 

IE»(B5*s»i*S*t5o y^Ji 1 7ttJ¥^5-l 0 0 

Kl8twttff*0. Co 
17^^7 7^114^, FeAlS i-&A*ifjWSl^ 
b*l£ 0 

[0 2 4 7] KSHKttSl 4 3 fc LT I rMn, RhM 
n, RhRuMn^^y-MnS^Mnli^fM 
^ PtMn, N i Mn^<if<O®^IE*- H H 0 ^^!J^^ 
^fflV^tLSS^dfi, "Flte^l4 2(i. Cu, Ag, 
Pt, Au, Rh, Ir.Ni tt^Sfctt-tftbSr^J* 
5)t«AuCu, CuCr^^^ #11^9-2 
2 9 7 3 6 ^:Sf^)N i % N i N i F e , N 

iFel^M^ Ru, Tifcif, *fctt-tnbSr£ 

[0 2 4 8] SfcSSSfittttJB 1 4 3 fc LTC r ^kBAWl 

&&<&m&m\<^m&\z^ T«sjii4 2tt\ _h*t!Lft 

TiBJB-et>«J:V^ bcc|^Pj45Cr, V, F. e & 

[0 2 4 9] mitmmm 1 4 4 amus-Mi 1 4 4 2 £ 
^ Ltswttw^^ta 2 jiaaatttJi b <d 1 4 4 

1 £3fi«ttJlA<£> 1 4 4 3rt>b&5 3gRt^^^T 

3SUBf£JfB irK&KtSJf 1 4 3 fc<z>+W, 
3£«i£JI Bd:I/NV7^ W^K3fc«teJBS i *KlwK 

J?£tt0. 2-2nm«*U>, Mill 3£K&t£gA 

( * ft b ) «r * n \^mtm zfti-tz 



[0 2 5 0] S&fv^/f 1 4 4 2(tRu > Rh, I r , 
4 R u^iCV'KVKHTSMattttt^Mfgtr^Ti-S R u 

£ Ll\ K«tt^JiWllJ»£ LTtt, XiR (Phy. Rev. Le 
tt. 67.(1991) 3598) fc^SftT^S ± 5 *R»«tt*S 

[0 2 5 1 ] EI 2 1 ICliC o03S«14Jl*3«ktfC o F e 

<a r u <b &&m&&&(D{&Tm&<oMm 

r /M s = 1 ttK»»t^£#*£l;i*5fe* M r /M s 

[0 2 5 2] EI 2 1 K*$*LftJ: l^fiCR 
uSrflH^ftiB^tt, 1«I14 4«^^ 

KfcS 2 5 0-3 0 0tW»i^ffiLt!)i^t^ 

S««JI6^«IB*^»i4*<t:S:*i:*^0. 8nm& 
fiitl. 2 nmE*Ttf**F* LV\ RuPO. 8 n m 

TttSS:ft5M^*>9, te^t-l. 2nmJ|$;gi^ 

fflWcilr&lcitt, Ru*fflV^»^i:PI«/ < cS*-e, 
0. 8nraSrg^tl. 5 n mEATrt 5 *? 4 Ll\ * LT 
ttttttJI B *3 J: tfSSHKttJB A id tt c o 4 ft. tt c o 3K£>6 

[0 2 5 3] B«8ttliBte±tf»«ttJlA^C F 
(0<x^0. 5) 4r/fll\JxH I rMn, Rh 
Mn, RhRuMnft^y-Mn^MnJyf^ 
tf>bft5R5S«rttJl 14 3 

bn, U^t>Rut3ft«tt/iB*3J:tf»«t*«Ai:<oi£ 

iwftiTCo£ffl^54§^Ktt, J *S*5«t-t2/3 fcfc 
•9, £ft[g]2 l tc^-TJ: 9C2 7 o°C, l SKft^SS 

/■a>RJWSHa s C o F e^&^^&lwJfc^TSK ft£ 0 
[0 2 5 4] *ib\ «»Sg^JB^Sffi¥»ttfc, -tOR 

T, 1 0 nm 2 Sft^^®rtC0»/jN^igci^T, «ft#g-& 

IH] $ (il^l^gfyTt* 

[0 2 5 5] ^9 ^3SBStt» A <b SfettttS B ^K«(3» 
i-4^h°>/</^y^ffigfeiR s , IgSi^tAR s Jo J: 
t/1Stt*{t*AR/R^as<tSr^-t- ft *ftH2 2*citt^ 

[0 2 5 6] 
[*4] 
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£9 

Ta/Au/CuMn/a»ttlA <CoFe) /Ru (0. 9nm) 
/fcfflttSB (CoFe) /Cu C2. 5nm) /tBfc@(Sfl 
(CoFe 4 urn) /Ta 

&saa : 2 7 ox:, mra 



aaittjv a 




ft ft * ffc * 


£ bs tt ta tt 




(nm) 


(nm) 


AR/R (») 


Re <Q) 


A R s (Q) 


7 


7 


7. 2 


7. 5 


0.5 4 


5 


5 


8. 0 


9, 8 


0.7 8 


3 


3 


8. 6 


1 2 


1.0 3 


2 


2 


8. 4 


I 4. 1 


1.18 


1 


1 


8. 0 


15.3 


1.22 


0. 5 


0. 5 


S. 9 


15.6 


0.9 2 



19^?), 3ft«ttiiBi:gfi«tt/BA^JBtffttl-5nm 
**t4JSft«t*m5ftftl:ff*L<, Will nm 
- 3 nm(ORf^0 2 2 ^*S*tfc^SB8M|l^Stt LT^ 
£4 (+6 0 0Oe(0^»«*S:ini*.-Cfc«giOfiT3a s 

fc#-e#*v*. fin*,. KttJAS:»SI^4, asv^asaMt 

[0 2 5 7] HI 2 3f*&KttJf AO«J¥£3 nm-5t<t 

[0 2 5 8] H3 2 3 C*&ii5J:5l^ faM&mAkfe 
«ttJBB^SMU»»i:S:«jEL<-t"*i, +6 0 0Oe(D 

810 

Ta (5 run) /AuCu (2nm) /C 
/M«ttJiA (CoFe) /Ru (0. 9 
/IrMn (lOnra) /Ta (6nm) 



[0259] aus^s a t mmm b obmw 

KBt^B^ttjUXVfrMBKttJlA^ttftlt 

htxz> 0 m 3 ^ e s d \z x &m{£s*m<omikRi5& 

[0 2 6 0] 
[*5] 



oFe (5nm) /Cu (3nmj 
nm) /afcttlBB (CoFe) 



aa&»A 9$ (nm) 


(nm) 




3 


3 


7. 3 


3 


2. 6 


7. 8 


3 


2 


7. 7 



-en> Co, C o F e*5«fcO c N i F e Srffl^T, #fl£t£ 

A<Dmumm<Dtt&o. 7-0. 9 tenant L-c&Ktt/i 

BC0i?^^2. 5 nm(;^tl/cf^!^ 12 4, 0 2 
5joJ:t>*^l 1 {ZTsk-tX ote&ftteE SD*H4£f#£ Z 
5 C d^J-0 2 43o£tim2 5 b° y^/uy 
Sm:: t a. — ^ ^tK-t >f ^tVuK J: E S DIE 



5S«tt»B^««l»»36S«H,V^»'&, HI 2 5 ttSiUKftJI 
A <^tt«UKV^3fettt±JI b oiffifUBI* J: 19 ^ # v £ 

[0 2 6 1] 
[*6] 
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Si 1 

Ta C5nro) /m@fcfl/Cu <3nm) /!fi«tt«A/Ru (0. 9nm) 
/MttlB/l rMn (lOnm) /Ta (5nm) 

Um«l. 3 «m 



























0 . 7 5 


CoFetioo) 


CoFed. Sou) 


CQFe(Soi)/liPKl.Sm) 




7 OV 


0. 8 


CoPe(2. in} 


CoFeUii) 


CoPe{3oi)/11Fe(1.5ni) 




75V 


o. as 


CoPe(au) 


CoFe(2. ion) 


CoFe(4m)/*lFe<l.8ni> 




70V 


0. 85 


Co Chi) 


Cd(I.7m) 


CAQL6oi)/llFft<4n) 




70V 


0. 7 1 


CDFe(2.4no) 


CoFed. Im) 


CoFed ni) /HiFe (Sen) 


65 V 


75V 


o. as 


CdFc(2. 4aa) 


CdFk(2. tan) 


CoPg (loiJ/HiPeCku) 


66V 


7 5V 


1 


Cole (aim) 


CoFeOu) 


CoFt(4Di)/HiPe(l.8ni) 


50 V 


75V 


0. 687 


C&Fe(3iin) 


CoFed ib) 


CoFe(SQi)/IiF«(l.im) 


55 V 


75V 


0. 93 


CoPeOui) 


CiFeCMu) 


CoFed Di)/HiF«<3nn) 


5 5V 


70V 



t>53KADfc>5 0S, -t^«Stt«*^Jt;, H (current) B / 
H (current) A j&S, ffi^JKff (Paglt, (M s • t ) A / 

(Ms • t) B t«tf-srt-«fc*^, smtiEmAkft 
fit, i*i trox^yudf-jgft, 

{ (Ms • t ) • H (current) } A - { (M s • t ) H 
(curreent) } B 

[0 2 6 2] El 2 3«r^i-J:p{^ 3MKttJ|A^3 n 
m, 3SlttlB^2nmT*fcot, fi£oT (M s • t ) 
B /(Ms-t) A = o. 67t45i^i:it SBtt 

iA, 3£^t£jfB £ fc 3 nm« (a) (0^^{Zrt-< 
r © ± 5 i:»«tt* A J: 9 bSMSttl B 

S*li3S«ttJiA(^*^««JKW[^*:#v^i:, 



I*, ^t 0 ^<yl.y{-i b ^t^^t: < b»^^^-ril]2 6 
[0 2 6 3] ^mtt^P^StC^C u, Au, AgPI 

v\ *^K»j4«tt:*-fk**#e>n*ttia-e*>4 1 — 1 

(7)^t°y/^7*g-C1i, 1. 5nrn-2. 5nm<DjgJ?: 
1 50eKT»C»#J-e#, B-oBSl^fifci^ 

[0 2 6 4] Mik&fem^lt, CoK o F e , C o N 
i, CoFeNi/i^Co^ NiFe^Sfcli 
-tne><75»*««, Witf^HfUBI^O. 3-1. 5n 
m^IV^CoSr^LfcNi Fe^#fflV^n5o 

[0 2 6 5]ti2 aatftBM ttftitti) coj^^ 

£2. 5 nm— 36t «fta*JB<7>ff*fcfitli^fc^a 
*J6M^*5V^-Cli, «jk§4i)||j;2-5nm^ 

[0 2 6 6] 
[*7] 
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£12 









tfcslfift^A K/R * * 






B<t0*IB^CoF€^J8 




*$ (ni) 


(M) 


(*) 


Coett?^N I Fe (X) 


1 


2. 5 


6. 2 


5. 7 


2 


2. 5 


7. 5 


7. 0 


3 


2. 5 


7. 9 


7. 2 


4 


2. 5 


7. 8 


7. 2 


5 


2. 5 


7. 5 


7. 1 


6 


2. 5 


6. 9 


6. 4 


7 


*•* 


6. 6 


6. 0 



$«ttSA£fcfi5fe*maP3U;*STCoFefc&*:JBl>fc. 

ffcSSJIOff^t (F) HilfilA^t (P) £ 

-0. 33^ {t (F) -t (P) } /t (F) 5*0. 
SI 3 



6 7 

[0 2 6 7] 
[^8] 











t (F) 


t CP) 


AR/R 


(t (?) - t (P))/t (P) 


(nm) 


(nm) 


<X) 




4. 5 


1 


4. 7 


0.7 8 


4. 5 


1 . s 


6. 9 


0.6 7 


4. 5 


2 


7. 1 


0. 56 


4. 5 


3 


7. 9 


0. 3 S 


4. 5 


4 


7. 7 


0. 1 1 


4. 5 


5 


7. 3 


-0. 1 1 


4. 6 


6 


6. 8 


-0. 33 


4. 5 


7 


5. 9 


-0. 66 



WBttft A t «B1£JB BliCoFe^ 

(WBMtfcliT a.Nb.Zr.Cr.Hf.Ti.M 

afc»*w»*LV\ -tOBtffttWAtfO. 3-4nm<h 
* r t rt^S*^ 5 *fli J ?»«^<-f T ^ JB Sr»fiJti- 
5 ± -e«»BI<D 3i ^ x ^{c ± § ^ tfS nMb »r * 5 co -c 
LV^ Q Ag, Au, Ru, I r, Cu x P 

t, pa, Retek*<Dn&mm&izfrfc&&mmi£frte 

mmft*. «AtfCoFeIftlM^|:|l, Cu 
/Ru, Cu, Au x Cu^4£\ Ni FeBftli 
/■Ojfr&fcttAg , Ru, Ru/Ag. Ru/Cu, C 

[0 2 6 8] Mitmmm tmit&&'m<nm{k&w:&£it 



(4114 3^1 rMn, RhMn, RhRuMn*^ 
5 Hit::, 1 4 4 2£-COj5£j^£;*t 0 

^<OR3&m&mi 4 3 (D^g|jg^/^ 7 ^ W*fS] Sr- 
fc»^Jfc«a*4, 3S«ttJBB<75fi8;ieiSa-C 

ttflttS^JI 1 4 4 2JBST?fiR«Lfc*35S»* Li\ 

T b J: Qilfv^iaflE^-CfiWB, »* U< 13: l 0#ETF<£> 
JgB#Kk a^»«ttJiB*«ISJBii-S«||L4i-cfT3wi: 
W4tV\ PlxtfTb^3 0 0tWI rMn"CI4 3 5 

[0 2 6 9] »:{wy-^Sri-5- % />4< ttBt 
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5o KSfcttttJI 1 4 3#P tMn^N i Mn<E>*fi&Mfr& 
W t fcSffiti B * t'^^*^ 5 
^l<|j:2 7 0-3 5 0tff^ #$L<tel~2 

5:iWiU\ «*.tf, »lB/i^l/ 

5*«ttSArfS, CoFe2nm/Ru0. 9nm/Co 
Fe2nm(Dg^ R u(D^WM6 kO e 
r^^b, HRtea+^*II*.««IH4 7 kO e EA±rt*#S 

[0 2 7 1] EA±<7?^}£{C J: 9 , «fkH*Jl 144(7)1 
MirMfr&fciH:, «ftgtll4 6^Tv/^uKl 1CD8S 

[0 2 7 2] Hi 7*w*LfcT^y h^i/g 
<7)ii:ML/:CoPt^CoPtCr/^\ fcil^tt 

^tt^ 1 5 1 irs3*Ktt« i s 2 zmikmm LtM 

l 5 2*j«U l Jfcfc»BH4fttli 5 1 «rrit«LTt> 

»t5frV7^»8tt|, ipt,, «K«tt=JB*fcf±K 
it, (Ms ■ t) u,/ (Ms • t) F ^2^T(^i^^-r 



l»«BI»T3-6 nmTiKt*»</j:5^ (Ms 

• t) lb/ (Ms • t) F &2«TKi-5fc«>l::, 

2 nmTWT^^o 

[0 2 7 3] t * *a*Httfci««4I*-CH: lOnml 

lT^CoPtlfl«m 2 0nmSm 2 0 
OOOe^Sftl^fcofct^ 10nmT1j:8 0 

0Oel:iW o — »rett«/K5ft«tett*>f :7 

s # 1 TCON i F e <h 7 n mJS<7) I r Mn S:8fJB 
'MT 20nmft8 00etfco/:ftto 

* 1 0 nmftfi 1 6 0 O e l:*T*i|*tSo Z<D16 
OOelt «e*60MR— y K-eHJKSr#i-S1ll[-efc5 0 

KT445±5 4«W-Ctt % 9ft«ttlK/R»«ttl«^ -Y 

[0 2 7 4] £ fefcl, ftttftlR 1 5 1 /RSMBMai 1 5 
2^i/W7^iflt 3$B£ffi8il 5 1 (Effifn^fcteK 

* 5 -< < £ T * a#Tv<yl^ ^ ^ if v 

/>fXSr+^»*i-5±-c#*U^ 0 IP^, 3UKt£K 
lSikttfiNiFe^kntv^, J;<9tafpa<b: 

^^NiFeCo'&l CoFe^^ C o & if tf* 
J:9*F*UV^ 0 ^W&Wk \ 5 l LTfiSfaBt^/h$v> 

Sfev* !/^«l345i:W*ffi*^iSTSr3l#iEr-i-o 
[0 2 7 5 ] fc*5, EI 1 7 "CH:* ^W^UT/JK^SBSrRfe 

ifcjf 1 4 2^^LT^rCO^ H s ptt&#?J!j^^jffli-^r fc 

*(0±^»att«i 5 l/K»Bttt»l 5 2^b6SK 

i-, 4?5v>f4«>fka*JBJ5>S3fi«f4Jl 1 4 3 <h«E^>f T 
^■4:^»«ltt'&S:a»Sfci«)^ % 3S«ttfflSl 5 1<^T 
{c s Ti«2® 1 4 3 t IB«^r< ^V^Tl&S 15 3 SrlS^ 

«S:*/hPfitw±fe5fc*tw, T*^l 5 3<7Dff^f4i 0 

[0276] amti£H«rfflv^»fr(z(> % n«Kcai^ 
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MXfo% 0 ^ : -CSISttgOTifi t L t F e C o <D i 

/n/u ^ / n r> if > y >f X £ 8£*-f 5 co trig-r £ o 
[0 2 7 7 ] RSfilKttJBt 1 5 2 KW:, * t°>^/u^ic 

hjjfa, -tUT«^>TT^S0R»BH4fflll 5 2 

iox^w r ^«#*rpi trNtyoa^ «t o Aug b^a, 

£ 9 (Sv b Sr^ri-iJESftWttfflt^ » LT J: 9 (Ka 

[0 2 7 8] ftftt&fctt* S5fi«ttJBS I52i:il P t 
Mn^PdPtMn*MMi:±!), H UA 4-^^,1- 

j6IT*l5Tb^2 0 0 — 3 0 0°C<7), RhMn, I r 
Mn, RhRuMn, FeMn4^=Sr, ^tfW</U^(R 

I r M n , PtMn, P t P dMn4ifSrfflV^5 

^*owtitunk©*nnrati . 

I#MgtS«/WT7W^tni rMn, 
FeMn, RhMn, R h R u M n , CrMnPt, C 

^^^55Slffl4|i 4 30/^7^«J|i*HiisaS 

[0 2 7 9] (21 2 7 IZ^-TX 5 tw, eibS &/i<D 

T-X/fl 5tiS3*«f4S l 5 2 tt<DTmt Lt«<kS 
fiBt^SSlifS'&SrSfifeSfcA^^y 7rS I5lit 
^tsitwsu^ :^'>7ri l 5 l i j*f 
e, Co, N i *4f*»e>4«3*BW4Ji-e*>*w 



[0280] mm<omm 3 ) @ 2 8 tz^wcom 3 ^ 

*JB<ftS:*-t"o 13 2 8 ted 2 1 ttt^tfV^yi/^BI^* 

t°>-^7U:/j^l 4li, Ta, Nb, Zr, H 
f tt a<om$ 1-10 nm<£>#fl«4TJfcJi 14 1, 
KU^CTJf^O. 5-5nm(Df2^T*1142 x 1 
4k;gE&/l 1 4 6, J?£0. 5-4nm^tBll4 5, 
Iftifl 14 4, RSSKttS 143, iJtK^JS DTJ? 
$0. 5-10nm(Oft8«14 7^?)i«Sn5o - 
(7y-i) 14 6, *K/f 1 45, S 

ftin 144, R^K^s i 4 3 \±mmmm 2^1: 

[0 2 8 1 ] TlfeS 1.4 2 Cite, A u, C u, R u, C 
r, Ni, Ag, Pt, SfcteRh, $.tite^iXb &± 

&ftk1rz>&&i:m^&b* mzmitS *S^C o F e 

[0 2 8 2] El 2 7tC*3^T, El 2 1 t IU C— 5*03 
^7^1 1 5, — jEtO««l 6(Ij;^t 0 W^l 4 

1 8^ShS 0 

[0 2 8 3] {mM<DMffi 4 ) g] 2 9 t±*3g9J<75 £ b td 
I^WltfcoT, *15^$rTa7^^7 , ^t° 

[0 2 8 4] m2 9\z^^x\±mmmm2(Dm2 i&x 
****** 3 <*> a 2 7<om^tmm\z, t^^ki 

—*ha«tsi 6, i^77|i 5, ^tv/^yii 

L, til 6C0P e m^^t°V/<yuy^i 4 0«fig^Bl2 

i*3±t;a2 7 titMSc 

[0 2 8 5] * tT W^U^BI 14li, T a , N b , Z 
r, Hf KZcomZ 1-1 0nmW»71Il 4 
K ^SCSCTJISO. 5 — 5 nm0^2<DT±ti2il 1 
4 2 , 14 3, 144, ffSO. 

5-4 n.nKOtpPp^Sl 4 5, KffcgtfeiJi 14 6, J?:$ 

o. 5-4 nm<n%2(ntpmm i 4 8 , m 2 (Dmitmm 

1149, 31 2 <DR3*$£t£S 1 5 0, &S£/&CTJ?£ 
0. 5-10 nmCO^fi^l 4 7 rt> £ 
[0 2 8 6] ^{fcSl^ji 1 4 4 ttSfbBM 1 4 9 <D'p 

4<tt— Eii7^i^i:MttiA, 

Tl) ^kSiFSl 4 9^ttS y AFUkgfl, 
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2) mzMttmztm i 4 4\a* s y AFmitmmm. m 

it\ *4^B3) SftBf|14 9»ftBMl4 4 

[0 2 8 7] m'<^T*m 1 5tttvbi$>*7V<:y hyt 
^^•>3^#>f^<0*^«iS-Cfc*35S, (a 17, H2 
7, 02 8 tmftttWE'^Txm 1 5 £ y 7 h^"7&, 

*^:^»*«:'>/j:< <ht>*fc°w</uyjg|i 4 <7)>H®{$: 
£fe/l 14 3^1 rMnCDXotey -Mn %k&4k<nm&lZ. 

J*, E3£ffi*tgi 4 3<0-««r'>fc< t tat:tw 
[0 2 8 8 ] h9y^«*»lC**fWBfcfli-i. 

[0 2 8 9] 1 6J4*^>f T^Jffc— »LTJ 7 h 
*5ti UTfc y- u>f K«5ftti"5 

ffisa*«jf $ tit i * 5h77^ ^ vzmmiz m c&fr 

[0 2 9 0] (Iffi(7)il5) 0 3 0fi*«W^*^tw 

te^sufi^fs-cfcSo m 2 1 \ztf i,it^ifc<DBt& 2 1 m 
Ki 3<d h7 s/^tiifljftfctt— *to«E^>f r^a 1 5*5 

T, 15 3, 3£5&ttjS£ 151, R3fi«tt« 1 5 2 



[0 2 9 1 ] ««1 6fiTa/Au/T a fti?Oi6«tf[ 

DttK^M T^SF5IHHMD«i: 9 Six. * t° 

W<;u:/jg| l 3 t ®H 1 6tth7y^ HW*BBfiflFT*ffi» 

[0 2 9 2 ] m^T^m 1 5tfS#flEL*V^«l 6g 

1/1 owT^m^Kiii, Sb^^trw<^yjBI<7)B£>fb: 

[0 2 9 3 ] Se,l^tfw<^|||i3fctttl6|j;ffi 

[0 2 9 4] r r-e^aiE«*«SrHi«>Sfcfttc:W4 h 
7y^BSrSfe»-C*0<tc{i, ®EWJPHLD£$fe*-C*$>< 

«otHDS:LD«tn^<t5rt^, ^yKt* 

•^I^IHD * L D J: 9 fc*# < 13:^5 <h L 
[0 2 9 5 ] ^(7)^ 1 (^PflHtt, St$rff 5 * t 0 V/<:/U 

Si 5}:^tJ:9(:, *^e^Tfi^{b@iPS(DJi:^, ^ 
tttt4>IIIJI«J:Vtt{bS AJI^V^O^tl-fr 1 4 nmJI 
WTt3jq]^§* t{cj:9, 1 6 Q£k±0>m*mi6tfik 8 

[0 2 9 6 ] 
[*9] 
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514 



^K>/t*7«|* : Tal5n)/Auaw) 1 rUn(hi)/&|H*§B/ llfiJSdl/ MttlA/ 4rffl#B£lf/ ©ft g fig/ T a 



SnSJlD 




^ffiill A 








Rs 


AR/R 


I IB; 


IPS (be) 


(n> 




(n) 


&M%mz on) 


(01 


(X) 


C 0 P € f tOL) 


Ru(D. 9ni) 


CoFe (Sti) 


C u (ZDS) 


CoFe(l§fli)/NiFea5iiii) 


9.9 


8!L 5 


I i 


CoFe(LSu) 


Ru(D. 8ni) 


CoFe (2m> 


CutZci) 


CoFe(i5oi)/Ni F e (4ta) 


10.* 


19.5 


17 


C o F e {1. Su) 


R u (D. 9oi) 


CoFe (2m) 


CufeSv) 


CoFe tan} 


9.9 


19.5 


9.7 


tor * uiuu 


RuflJ. 9u) 


CoFe (2oi} 


C u (2oa) 


Co(lu)/Ni PettaiJ 


12.9 


f&2 


19 




Ru(Q. 9u) 


CoFe (1. Bib) 


Cuttna) 


C o (Ui)/N 1 F e (Son) 


9.9 


zz.s 


11 


CoFe {2m) 


RuCD. 9oi) 


C o F e {!. Bin) 


Cuttoi) 


CoFettn) 


10.4 


IS. 4 


ia? 


CoFe (2hd) 


RuOdb) 


CoFe(!, En) 


Cu{l 5nO 


Co(1ei)/NI Fe(4aii) 


13 


IS 


8.1 


CoFed 2u) 


Ru(0. 801) 


CoFe (2. 5n) 


CuCfofi) 


CoFettn>/Nl Fe(4.5Em) 


14 


If 


8.7 


CoFe (3on) 


Ru(0. 9oi) 


CoFeUn) 


C u (Jan) 


CoFe<lirt/Nl Fe(7u) 


11.8 


13 


6.6 


Co Fe Una) 


RuC0.9ni)i CoFeGii) 


C ii (inn) 


CoFeO^/Nl Fe(2u> 


14.8 


12 


7.2 


C o F e (1 jai) 


Ru0.8ai) 


CoFe (3si) 


Cuasri 


CoFe(lM)/Ni Fe(7iB) 


16.8 


14.7 


7.3 


CoFe (3nn) 


Ru(D.Tm) 


CoFe Oat) 


Cutian) 


CoFe(5M) 


14.7 


its 


12 



10 2 9 7] [ilO] 

si 5 

WsWmt& :T>Oo)/N i F B (Inn) P tUntr. W/MMMB/ MM!/ M«|A/ tMHHU/ afcgffl*/ To 



9? (u) 


If 5 Cm) 


(n) 




« <oi) 


ftJISftJM (in) 


Rs 
(01 


AR/R 
(1) 


Co(2m0 


Ru(0. 9n) 


C o Una) 


Cu(J.Jm) 


CodmVNiFettni) 


10. 4 


23. 5 


1 8. S 


Co(2ra) 


Ru(0.9uj) 


Co (2m) 


Cud sa) 


Co(a5ia)/NlFe«Di) 


9. g 


19. 7 


7. 6 


CoFe (2ui) 


Ru(Mu) 


CoFeUu) 


Cu(2.Sm) 


CoFe(lBi)/Ni Fe(2m) 


9. 7 


18. 6 


8. 7 


CoFe(2n> 


Ru(OJe) 


CoFe (2m) 


Cu(2.5u) 


CoFe(3ci) 


10. 4 


18. 3 


9. 1 



[0 2 9 8] Z<D£ ot£feW<D* tf ^<yU>^BISrffl V >T 

«S*MAfc3S««yiB^tt f. c cffi^£4Co F e , 
CoNi, CoFeNi^Mffll^:^ 2) flfrftS 

ante iw#ffiie»^ttc 

o, CoFe, CoNi, CoFeNi^ffil^: 
dr , 3 ) K&ffiitSJRlcfcJ: PtMn, PtPdMn, I r 
Mn, RhMn, R h R u M n # if ^S^JSTcfif t? 

[0 2 9 9] HD^LDJ;n*t<^mi^i 



[0 3 0 0] JMW^LT, 1) HD = 0. 5^m, L 
D=0. 4 5/xm, HMD = 1 . 3 ju m, 2) HD = 
0. 4jum, LD = 0. 35/ira, HMD = 0 . 8/zm 

[0301] *jb\ @2 9lci«<fcS&«££tfami;: 

[0 3 0 2] (Ht6(757^IS6) HI 3 1 \Z&$&W<D£ t>\Z 

So El 2 9t-*5V^TIi«f^-rr^JB<7>— LT, HJfi 
OJ^ffi 2 Ufc <h RttOKgUKttJIl;:* LfcT«Ji 1 
53, I rMn, RhMn, C r Mn^^^raitlg 
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152, CoFe, NiFe, Co* £(D#mfelfL 1 5 

[0303] :o±i:^tV/^igi3«^n 

*«#&*»fc»ftafiJI 1 4 3»cf+4-i-4fca6*c, M 

i£amm£9mmmzmik&&mi 4 3 srEgits^ 

^T*M 1 5 tBSftgEiag 1 4 3 4#»iEt»<t5r 
4r*«i9#*LV\ BftgAll 4 3<7>T±tWf 1 4 1, 
1 4 2<DWW*ffi;'<'{ T *mfrh<D/<4 T*BS^.&W#j 
\zMfc&&m\^tt J ?--rZ)tz.ib\z^ 1 0 nmtfci:i^ 

[0 3 04] 7s \?l//<j\szf l 3 (Dil:(j:-xt(DHi 1 6 

[0 3 0 5] £ tz.%mcnWm 5 IZT* Lfc £ H 
DteLD£<9*:£<, IoHMD±0/hS<t5:tl: 

*fc, Bftlfl, *Kf4*fH«, 
ft S 4i<O^IW*S: 1 4 n mKT i: 1 5 ^ i "C, * fcT 

[0 3 0 6] fcl6o 

TBWii-s. 

[0 3 0 7] Si*, ***»«B^ft*«SrJB^i"5S(F 

ov^TfABfli-io 
[0 3 0 8] iStttE^^tf^yuyiK (UT, svmt 
Ki") SrHfflfti"5lrfcfcoT, *« D fl#^IBIBLfcI* 
lit KTIc*grji-a- i^-e#5. 

[0309] (i) wMtt^ffv' (m^ny^^^r 

=--MZ#LX) o 

[0 3 10] (2) *^fi±*H5± 
-CMR«ft*^JBLTl^S. 

[0 3 11] (3) Jt»tt*#4MR*ft*3ftS»5>Jx« 

c o f e&&mmmx~mmm&ffi&vtzm&\zmmmffl 

[0312] :ti^s vj»^as(co^T«Ti3i¥a? 
i-«. 

[0313] ( i ) mm®. 

svm<Dmmm<D-i&&}tj:ffif&t l-cw\ NiFe (« 

nm) /Co (1 rung*) ^NiFe (Snm) /C 
oFe (lnmifi) ^b^tl^o Z<D£ot£&m 



(a) Ta (5nm) /NiFe (10nm)/Co 
(lnm) /Cu (3nm) /C o F e ( 2 n m) /I 

rMn (7nm) /T a (Snm) 

(b) Ta (5nm)/Cu (2nm)/CoFe 
(3nm) /Cu ( 3 n m) /C o F e ( 2 n m) /I 

rMn (7nm) /Ta (Snm) 

[0 3 1 41 ±IELfc«t V«T-f±, 2 5 0tX4 

HilSt^^nt^r^/Uta s - d e p oSOMRffi 
fw»LT*B»Jt-ejB2 0%JW±fc<aMR&fttfS£CTL 
S 7 0 CT^tf (a) (DSVltlia s - d e p o Bf<7)M 
R^ft^6. 4%#2 5 0°Cx 3H(DT^—Mk\Z\± 
4. 7%<has-depo LTt@*tJfc-e 2 0 %Jg* 

W^:^t^4^Igtfc§o N i F e Jr« 
ItfCffl^T^4l\(b) ^SVJRtt, as-de 
poP#C0MR^ft?|j:8. l%X~&>Z<D\ZttlsX. 2 5 
0tX3H(O7^i(I[i6. 5%tas-depo 

*ft*^*ft*«*«H4*:1ittfci-5 CL £ # < K»t^ 
[0 3 15] S5«flMfclwftttfc«ft^y K-ett, J: 59 

fcj: 5^a.ffi*-e(w?#^nrv>s s v«T?tt, as-d 

3 0 llxli l o G d p s i H±t ^ J: 5 
/&£i£fcMR^ y K«rHI«i-5±-C\ 

[0 3 16] (2) g^M^flfflia^MRffc^ 

KMR*ft*Sr»fifci-5fc»^tt, (1) tVTl/ca s 
-d e p oP#t^?#?>nT^fcMR^ft^S:fR^nir^^ 

WIB&lvWcLTitfS/K tKlia s -d e p o B# 
T-fi^/u^^^^^/ucoMR^ft^q#^tiTV^*< T 
^oir^lftlrA^ftMRfeft^sw&tLSiift 

[0 3 17] GMR&jftfi, H^^g&fT*!^ 

fi^«HTfi«i4«/*»tt»oWsa^«*^^^« 

SR^^y K-efflV^5>lx5GMR*W«aKj3V^TH:, 
«ftB»S/*«1t^m«/*BB6Jitv^ofcrL-y M 

4otfc9, MR*ft*tt^jiS:U-CV^4 0 
[03 18] r^Sr^L-etScSi-S^^^WjefeS-it-^ 



hy-^t:y^y« (WT. D-SV^irfS-T) ) # 
fi|S/8±WF.9g&£XM&^5*T-J;:{;iSoXV*&V\ > 

^SIU i?££Xffl£S-e:-5;i <tli£ILt,\, 
±T2o<73B£'(L[S#Jf £rffl^fc*§-S\ rh?)2lroaft 

X, MR&itm(D&t>>tb\*D- SVf&ltm* LUSfdcX 
fe 5 *s . jlfflte £ v > o ffi&fr h < wgiig £^xv * 

[03191 trt, aft*fflft**tT^5ESfc«t!tBt 

[0 3 2 0] ffi*HGMRRoS#a^y hO±TJf "C 
f ftffS^BIfifftf *»tt* f , GMR 

[0321] ±Eufc»*tt— ««4s vmmmizmb 

«»5 t\, 
[0 3 2 2] ±JfiUfcJ:5ft«liiiR»|-»jR*:«* 

[0 3 2 3] (c) SiSS/NiO (50nm) / 
Co (2. 5nm) /C u (1. 8 n m) /Co (4n 
m) /Cu (1. 8nm) /Co (2. 5 n m) /N i 
O ( 5 0 n m) 

(d) Si &K/N i O (5 0 n m) /C o ( 2 . 5 
nm) /Cu (2nm) /Co ( 3 n m) /A u (0. 
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4 n m) 

(Ref. J. R. Jody et. al. , IEEE Mag. 33 No. 5. 3580(1997)) 
(e) MgOffl/Pt (10nm)/Cu (5n 

m)/NiFe (5nm)/Cu (2. 8nm)/Co 
(5nm) /Cu (1. 2 n m) /A g ( 3 n m) 
(RefJI|#*flM!L 0 1997^#**^»« 

fiESpl42) 

( f ) Si S i 3 N 4 (200 n m) / B i 2 

0 3 (2 0 nm) /A u (4nm)/NiFe (4n 
m) /C u (3. 5nm) /C o F e (4nm) 
(Ref. D.Wang et al. , IEEE Mag 32 No. 5. 4278 (1996) ) 

[0 3 2 4] ±1E (c) COS Vjgl-ete, ±TP)^tt>K 
B(-etfc*fc«>, N i 0*c:»UTv^5BlttJi^«ftS:H 

»-*-*a*t>*ytLTv^o ±E«j«i4D-svK-e* 

[0 3 2 5] *1\ NiOtt*J(WS^*»<Jtffltt* 

Niocio, *1t*+v7mb LTSJ^iWb* 

ectro static d 

ischarge : f£®®3g) Sr?l#E^ 1^1" < 44fcftlra 
*L<fcV\, CoFetKBWtfflV^fci^, 
CoFettfcc (1 1 1) E|p|£*fcttfttfA#fctt 

Sw^flCoFe^oTfcc (111) IfiftcD/^;/ 

:7rJlSr3*c5 ^tCftSftft, &m$*Lfirfeb<nm±Lfim 

[0 3 2 6] ifc, (d) cos VBt-ettTiftlitcN i o 

E#fW£ftoT^5o ^fc, (e) (7?S V»-etl51fi| 

SIS teitf^r^i/^sum&mm LTilffiSit«b*S:5l £ 
Wttv^o iiS^OT^r LT, Au^AgcoJ: 

io(DliiLT (d) (OXitttcitt, KXBB-CO* 



[0 3 2 7] ±IEUfcJ:5*4*«*:«*aB»cffl^fcS 

> K-etts vjR(D*ffi*s-to*4BiaFn-cir^4 c tias 

[0 3 2 8] Mill /l- KSMR^y KJCfc^T 
iCil^^o (d) 0X»lrlE«S*frv^5 < t 5 

■So 

[0329] sikh-, (d) cds vm<DAummmz^ 

[0 3 3 0] (f) (DSVmit (d) ^iCAuK 

V«t-ettT*fcX5fe«:*feUT, Aul»iB«:-e#«« 
ft77^/hi:i, tollca* SftSN i F e iwlH 

[0 3 3 1 ] Lj&»L**s&, (f) oT«ili*ffl»4 
fft^(ifx.^l\ 1-^^*>, Aujg5rBi 2 0 3 ii: 

tej«iiL % 3 5 o'C-er^-yu&ffS iA#4K*t«i* 

tf§lftaj*6w4:feW«L-C, HJ20nmCQBi 2 O 
3 JKSrTflfii: LTfflV^TV^ (Ref. C. R. Tellier and A. 
J. Tosser. Size Ellects in Thin Films, Chapter I. Else 
vier, 1982 , L. I. Maissel et al. , Handbook of Thin Fi 
lm Technology. McGRAW-Hi 11 Publishing Company, 198 
3) 0 

[0332] Si 2 O z m<DT$Lb LTi?$ 2 

00nm<7)S i 3 N 4 ««:/flV^C^4. o£ «9 , 2 
2 0 nm^^i^^^Tltii^^Au^COTlfe^ Ltfflt^ 
±ir, 3 5 Ott v^5JSffl-e<75T^— yuxgSrSxv^ 
5o 2 2 0 nmtV^9««tt^a**«<blC#oT*i- 
* -* v zf\z fts:i * L < ^FfiJ i * 3 



#BB 2000-137906 
3 5 0 < C<ht^ii!S.T60^S»4, GMRgl^oTS 

:wiStiifciiiitti:inftCo (CoF 

e) /Cu/Co (CoFe) «HS:ffll*SV||)|-C 

[0333] (3) CoFe <£>G£SfrJ$) 
CoFeiSrSSIItLTffl^S^ fee (11 
1) EfiL/cT^i^Ifflni^TCoFeiSrf c 
c (ill) EKgS*, rmc:J:9tt««;*M4«:l*1±* 

14, fee (111) EfPlLfcTiftit LTCuf-^A 

T*5&1\ ^ofitttTlt!!i(:^# < fe#t^ : i 4 

[0 3 3 4] (g) Ta (5nm)/Cu ( 2 n m) 
/CoFe (3nm) /C u ( 3 n m) /CoFe (2 

nm) /I rMn ( 7 n m) /T a ( 5 n m) 
(h) Ta (5nm) / A u ( 2 n m) /CoFe 
(3nm) /Cu ( 3 n m) /CoFe ( 2 n m) /I 

rMn (7nm) /T a ( 5 n m) 

±IBL*i (g) WUt'Ctt, CuRtt fee (111) £ 
fSlb"C*5^, cc (111) Cuii^CoFe 

it)f cc ( 1 1 1) eiRjLTtt«ttw:!i«-e#* t><£> 

( i ) BJIM4^«tV^ (as-depo:8. 1 %-> 
2 5 0tX4Hf|: 6. 5% (MR$ft$|j:»T2 
0%£it) ) , (ii) IIAH-1 4x 1 0" 7 i:*6*ffe 

£ LTf4- 10X1 0" 7 ~+ 10X1 0" 7 *I£g^gI£ L 

[0 3 3 5] ^^C, fccffltltCuWUtA 
uSrffll^ ((h) (Dm) \zb. (i) HJR&aSjB 
^ (as-depo:8. 4 2 5 0tx 4 Hfl : 
6. 5% (MR*jb*tt«#Jfe2 3%^) ) x (i 
i) lll(j:+3 3xio^M(t^^/^\ C 

[0 3 3 6] ±|B (g) , (h) (7)^h o >y</U^C0X 
RD^-yS: 0 - 2 M^^t»lUMU: fl 
CoF e/C u/C o F e 3 JlTtSffra«fc d *^~> 
>V{S.kt£iX\t^Z)tc£> s 1 o^t 0 -^(:^ot^7c(7) 
T\ -t<OfcV-*ffiSr£ofc. ZCOtZ, Cu_h<7}CoF 
e /C u/C o F e 3Jf<D f c c K|p]<73 d - (ill) 
->>^^f(S{42. 0 5 4 nmtfc^ Aui^Co 
F e/C u/C o F e 3/fCQ f c c EZfa<D d - (11 
1) *>>^ft{4 2. 0 8 6 nmt'fcof: 0 

:n?>c u±fcj:i;Au±(7)d - (1 1 1) 
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Srt51itfT?#51i:^b, C u±co/hSi*^5 d - 
(111) ^^-v^V^ffi, Aui^ttfSd- 
(111) *^~>>^0H±ff4L<ftv*r itf#*»o 

[0 3 3 7] Z.(D£o\Z^ CoFelHftStjMi 
ffli^ »Cfcc (1 1 1) EfiS*fcT«Ji± 

ififft^of cc (1 1 1) ElRl^-frfcN i 80 F e 20 _h 
CCoFe SrfSJKU ilWCIigf^N i F elli!) 

L-C»iiS:*fci-««Jt (±1ELfc (a) 
tomtit) frmfhfrZtiK ffim\,tz£olz-<Dffi&i±M 

[0 3 3 8] ±i£LfcJ:5»;:. t£*<D* fc°^/<yuyjKf± 

So 

[0 3 3 9] Sfc, >^tr^</uyB|(0MRae^*O|fi]± 
«*tf y - KWi ©SHUfitto**!: ± 9 E S D 

4TJW«&ttS#*9**5ftif, *fflttl±*«>r«v^ 

[0340] sbic **i''</i'7m<nikm$«.ft&i:n 

£>%±.X\ Co F e^A*if^?>*5C o5R«ttJB<75« 
[0 3 4 1] «ffiRltSb*twJ:5^fcr^</uyH| 

[0 3 4 2] *!8*»(Btt-wJ: 9 



[0 3 4 3] JgTF\ ±*bfc««*«Bfe-*-Sfc«)Ojafc 
[0 3 4 4] H3 2I4, *«W^««H6tT:»**^ (M 

fc^o ^n?>*iteJ:V*2w«ttJBi, 2»i, 

si, 2Mtts»»ffiis-&L-c*5e>i*, #*a**«ft 

[0 34 5] 2lt #J;L[i 

#WcSjH/C1^5 0 KttJBl. 2ttN i F e<&£*4T"C*l 

[0 3 4 6]»ttil, 2 5 C o ^ t tt 

tt, CodFe, NL Au, A g> Cu, Pd, P 
t, Ir.Rh.Ru.Os. H f ftif^jbiStfH* 1 

8SiD5E*l:tt5 — 5 0g^%tt5I fc##*L< , $ 

s*s-tix^*)5^e>-efcSo asan5c*tt*#*MR^b 

[0 3 4 7] *lio«tV*2^«ftJBl. 2<7>5*>, T 

«<z>* 1 <7)®tf£jf 1 tt«St««t«i*rRi±Ji (mriS]± 
■) 4±^«js8;Six-cv^5o MR^]±S4{i:Tlffi«tg^ 

i, Zr, W, Cr, Nb, Mo, H f 1 fah 

ft^biSo ^ffltT*l5l;T a ft if cog^^Srffl^ 
8»dl¥JCi-5 J: 9tr, MR|S]±Ji4T?RltL* 
tLft^o fc«-T-Sr*«ttT»« 5 /MRfS]±l 4 ^ffiX 

[0348] si <om&m 1 j4^sb«»^ j: 9 mitjjfa 

(4, I r M n , NiMn, PtMn, FeMn, RuR 
hMn, P d P t Mn, M i Oft if A^bft 5K»«tt« 
6>5S»fi8;Six-cv^5 0 »2^«ttJi 2 »wttK»«ttJB 6 

So i"ft;b*>, *2^«i4Ji2fiWtH#»-e*>5o 

[0 3 4 9] (2 3 2-CJ4ig^$ixTV^ftV^S, 

±^Ru, C rftifOHSr^UT*3<D«{4«Sra« 
t, I 2 Wlttf 1 1 3 ^®ttl ^ R K K Y W 



iot, '<>f T*/Kt>gcffK:4 9 , /^ot 0 v*H4<Di^ 

3<7)8ttliWMttt, CoFe/Ru/CoF 
e, Co/Ru/Co, CoFe/Cr/CoFe, C 

o/cr/co4ws*ife>n5. c^t*<7?sai«tt 

[0 3 5 0] Ilfcit;i2^Sttil, 2M^EI1S 
n^^Itti3^Mmtttij:, Cu, Au, Ag 

[0 3 5 1 ] S3fiBH4« 6 ifchMRM 7 j&SRtt bixT 
*3 9 , w co^flS 7 Ji#flM4Tift« 5 £ |SHat4&JK fc U 

IK»KiMBttH»> <b 4 5 T ^«#Ep*offlSS:* L X v * 

v\ 4*3, mtp9\zmwLx&>z 0 

[0 3 5 2] ±S6Lfc^trw</uyiB(8t«fiS;i"5#a 

ill 3 2^*-*-MR|S]±a4ttJRl C0^JSJK4 a £ 2 <Z) 

'^m8<DT&ki,xmmirz>&mm4a. 4bi:u, 

WitfCu, Au, Ag, Pt, Rh, Al, Ti, Z 
r , H f , P d*5 XV I r a>e>»iftS*|?4 < Hll 

[0 3 5 3 ] rtt?>«*^«IM^5*>. £l<E>«ttJB 
(ASM) 1 ^St^fl <£>#fiJ8£4 a Srit ITM 

<nmfc\^hZ>o £2<E>&JR]»4 bCot^tt, 

k LT«j*-rS5c*#««« 1 £±£ LT«/*-t-57c* 

*5±VJS2^4kJRBt4 a , 4bS:ittt«*t5#7C 

ill ^ai-^fflStrji, MiliB^ttftasffiv 4 
3 IS 1 ^JRK4 a 3flfSE«$n, *<&*Mi;:«iF-tt«a« 

(* i <^jrbi i a «t 9 ) gt^s? 2 <£>#mJ8i4 b ^iae 

[0 3 5 4] ~--C\ *«W^j3Jt5*B«^BI««wO 
V^TiS^So *«Wt-:tel*T, A <b v ^ 9 tc^I i B 

2 7C^C7)tg[g) Binary Alloy Phase Diagram, 
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2n d Edition, ASM International. 19904 if) {-fcV^ 
S-C^iJS^iir, BSWi L^ii:#^A*5ffl*"C# 

[0 3 5 5] IWJtlt, $£f£jf M^lfttll) 

^co*fciico^t#i, m&m&N i&&<Dm 

^\z-D\,^xmW-tZ>o M&m* f c cUZfalz-tZtzbblz 
ttTflfiBtdS f c c^m-^h c p^JRT-feSr i*sa* L 
i^fctf), «ttil:»t5MR|6]±iw*ft:tt4ifi!l5c# 
t LTfiA I , Ti, Cu, Zr, Ru, Rh, Pd, 
Ag, Hf, Ir ( Pt, Au4WWttL^o m 
t><Ojtm<K>?lb, Coi:*H*i:V^5±ia<D*#4:«JB 
-TSTcUffi:, Cu, Ag, Au<037C3Ri:44o 
N i fc#B*tv^5±E^*ft«r»JBi'*7c»tt, R 
u, Ag, Au<D3Sit45 0 {fib, m&mtisXN 
i CulifflHlcr)^Sr#Rgi-^ fc 

flHtt o*9, KTO±5 4*»*S*«:t>4:fc % N 
[0 3 5 6] tbt)^, 7y-»«S»V^*&l-tt. MR 

^ttt^tDt, diffusive4^ffi^4oTLi 5 

^rfpl^sv MdWr 4sRffi-C t , dif fusive4#ffitc *5V * 

i*f?S*s«< 4&4i\, o£<9, MR3Ms*<d(&T8: 
fB<r^iw45o :©Sfttt, tl7y-ii#nt* 
*^dr^B^4<h#{r^C, ^nir^<Di«i4QfS4<!fS: 
ft? tX9 imt 44. 9. iMaotMR'$ 
ft**««Ti"5 0 r^J:5 4a*S:fllBi-6*«fe«:i:o 

<tr^>, MR*jb*^(fiT^*e>n4^ofc 0 
[0357] K±<ott*d»e>, n i c u tmm 

s-t^tc^^ it, *as«"Ctt, ftH^bWbixss* 

^»*-&fo*|rC u *r^Dx.T, Ru, Ag, Au, Cu 
ttlt5wi:^5o rcoj: 94*BS^<D7E^Sr^ 
ttilcSfLTEltiwifciot, ^tt^tMRr^li: 
/f t ^#ffi<7)iliajB8;ft«tt^J»«i3a4 if id <t o tt^bix 

[0 3 5 8] ®tttJl* f c clSf^^it^r k 

uta«, fc^5^is^^m 0 B 0 «it^t>o^ 

ttiWLt:tl?)(7)MRf^]i|^^t fc«ffc4t^ 0 
*#«Ji-*iflaH4»i:LT, CoFeB, CoZrNb, 
CriCTi, Zr, Nb, Hf, Mo, Ta4^jft*D 



(42) 



4#BH 2000-137906 



[0 3 5 9 ] $ bfc, ±EOTc3S{Cj:oT«fiJcSnfcM 

7t;m^LT(i, f cc4I^hcpA«#iSL<, A 
U T i , Cu, Zr, Ru s Rh, Pd N Ag, H 

10 3 6 0] MRf6j±*^a*J«&aiffl-i-5*&. 
^*lfbnSo Atl^5 jciifd B £^?7Gi!itf> 

[0 3 6 1 ] MRr&]±«4^aJll»«rigffli-5BR<75ff* 

lv^!IS:*i- 0 iffiiitfcoSfciico^'e, 

u x Pt x Rh. Pd, Ir ^b»tttl5^ft< 1 fc 1 

SrAgfMtfc*&, 4I»4bfj:Pt, Pd, Au 

i:*s#*UV\ 4Ig4a^Au^MUi^ #S 
K4b(j:Pt, Pd, A g> A 1 ;5^WiJx5^4< 4: 

1 tfSN i £Jg)«4 a ttnt*l*^*#S:i 
ttS:«fctRh, Ir, P t *»fc»fift<5 1 fc 1 

[0 3 6 2 ] ±5£LfcJ: 9 ^ia^t?itcO 9 MR |p] 
114 ^Mt^ 2tt;3S^ 1 0%JW±SV^C@»i-§ r 
t* s 14t<, WifiAu-Cu, Ag-Pt, Au- 
Pd N Pt-Cu, Au-Ag4W*lfbn5, * 
3b\ ^H/8S4 a ^#114 bCOffi^^itii, Lfc 

T?ii#<> #J;ttfC u-R u, Cu-AgOE^bt 

fa_k/f4fi N Sl^M4 a ^l2^Mi4b < h(?) 

2 ?>1\ 3iH±^ai«-cifiit5:t 

[0 3 6 3 ] MRr6]±«4tt»l a fc £ 2 (7) 

&jk&4 b t^mmm^mb-r. 0HitfH3 3nstj: 

k*>*7E*0>&&jb 4 c -CMRrfii±« 4 ^iffj^-rs n t 



TtitUCu, Ag, Au0O3 7C***b»tfil*^4 

< 1 1 1 s^^tfo m&m 1 i -&A*»e>*s 

*&lwf±, ^l4clttiteitURu, Ag, 
Au, C u W 4 Jc*^ 5>l«n5'>« < i: t 1 «S:^ 

tf. 

[0 3 6 4] £»4J| 4 c tt±B Lfc±«jfc5c*K*fc4> 

05c**«i^fens a ^14 c(D^1f^7E^ 

l-C u £/3t^c*§^C^ Cu-Au, Cu-Pt, C 
u-Rh, Cu-Pd, Cu-I r &^<7)*^Jg^(7}^ 
A^ffl^feK*. #4i4c^i*S#HAgS:ffl^ 
fcS^Ktt, Ag-Pt, Ag-Pd, Ag-Au#4f 

iCAu^ffll^ci^CIt Au-Pt, Au-Pd, 
Au-Ag x Au-A 1 *^W*A**0-&ft*SfflV^ 

[0 3 6 5 ] ±iEbfc i 9 /«£-&&<D 5 MRrp]±®4 
1 Lt^M4 c tt2 7C*riS 1 0%E*_h;§:vS;:@igH- 
S:t*aiL<, M^liAu-Cu, Ag-Pt, A 
u-Pd, Au-Agi^SflfblxSo I0)±5^ 
MRrRj±*4^tt«^<0»*Sraiffli-5 - M 
XL 1*12 3 4\Z^k-t£?{Z&mm4 a ^^#14 c t <nm 

[0 3 6 6 ] mmm I \ZC o *«tt*f»S:fflV^*&. 
*S$£J1 1 <7}Ti&£ U^MRf^]±l4ltC o^SttTO 

u , A u s A g . Pt, Rh x Pd, Al, Ti, Z 
r, Hf, I r * mtl^) O^ttMR f^]±I 4 (^i 

Sfl^t L< (±-&A«^feft4MR[6l±«4 Srfflt^d t 
l-iot, &lw|£j£i-5 J: CoFe^M^C 
o*»ttfl-3|s|.^e>45flat«a l ^»IS:i«t5rfc^ 

[0 3 6 7] MRr6]±^4C0^j¥{4, Ti&M t lsX<Dm 
m*Ff tz-^t Z>tLib\Z& 2 nraaittS^t^a* L 

9MR»kW5*/>t5fcft, MR^]_bJl4C0^j${i l 
0nmKTit5:iWSL<, *fc»ca*U<tt5 

[0 3 6 8 ] ±3^bfcJ: ?/^MRf^±ii4(i, ^t: 0 ^/^ 

co^sit^ (^ffi>s#tfli) tuwi#, 7})—m& 
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[0 3 6 9] S1\ ^trw^uyUt^^n-fe^^tK 
^ ft v *«0>*SflBKI«&*as 7" o ir * r ^-/Wc £ 9 &lb 

B£^L-O>£o 135 (a) , (b) fl^fflttffi (a 
s - d e p oNF^Stt/C) (§13 5 (c) te:/n-tr;*T 

[03701 035(a), (b) 9^, * fcT 

P5«-C<^l*ffi»aab*35 s a s - d e p oWtdtt^CTV* 
t) , ®3 5 (c) K5M-±3lc, yoir^T^^/uj- 

[0371] &«iBi#ffi-e^*aQSIt«i*»±«*«i* 

fc5 0 Mili, NiFe/CoFeHT'tM^ 
v-^^'>ft^ a s - d e p o«lB-ej±*fciBSIta*^ 

i^Ni Fe-CoF ©#ffi-ett**^#ffitt**S* 

[0 3 7 2] ftfrfatw, NiFe/CoFe SMMM>t» 
ft^iS^SSrffifflbfc^fc^/^uyjK-Cfi, NiFe/ 
C o F e#E^ataHSIta6*^^n-fe^r = — yWCto 
Tifefrift,, Mx.fi a s -d e p oP#i^7. 3%t>fcofc 
MRSW, 2 5 0tX4H(7)7 P Pt^7^-/UiT 

/W:±5N i Fe/CoF e #ffi-C<^*lffiS4t«»oaE 

[0 3 7 3] t**^%x.-Cti, NiFe/CoFe 

a s -d e p o <0JRfflTtttt4fctt"5 *is^yfti?<D 

/CoFelil»(OB8»:fe5fcft, ^nir^T^-yU 
«*oft«tt^jfefcJx-C«lBBR«t«*tf /hS < ft 9 , M 



-d e p o«»^J4«ffiRitSji*<D^ttMR«>ft:**« 

[0374] 7 v—mf>m\<*Wr&\a^ MRfiJb 

ttf^Ct, diffusiveft^ffi^ftoTL^ 0 "7 

2tMC5ptTftttfl8Tt, diffusiveft^S{r^oV>T## 
g#S<ftbftl\> o£9, MR&fc*<Z>i6;T«:ffl< r 

[0 3 7 5] Jii#NKttilS*«Ji4:«)»BB»r*5V^ 

WRttMllom^ It, Cu, Au, 
Ag, RuS:*lf5:tm5. ::t\ Cu, A 

[0 3 7 6] ^<D£?fj:Zk-fab, MR#tt(7^fc£*#P 
ft!li-5 lO©*a#ftt IT, GMRj*a=yhO« 
fflOK^ Siiil, 2 0*m£tt#|;BS0&Mfmfr^ 

MiliC o F e^J; 9 W^GMRS 
*=L^y \*\zm\<^tzm&, CoFe^fHcc (1 
1 1) ElftS-ti:Sfc*<Dv'— KS<b tt^iiltlt^ 
4Jtha45)4i*ft, fee (ill) IfiftU^I-v^ 

[0 3 7 7] /a t ^ 7 ^-/HC J; § M R ttt^^ft 0 
#ffi^ ynt^i7n-;U^otfc$^^otV^ 

bn5*iB*j6^ s a*ui\ -nil, 

*#^#B«aS**«:Ml<5l#tai-fcft-C*)9, ^^c«- 

»aa*fc«Rw»-Sc3ete^fcftfc*ifTfc5. 

wffffias, : : t'f 9 lit t^l: ^ t ^ t ^ t° yft 
[0 3 7 8] ±1ELfcJ:54*f|=«:3fcai-«fcai!)ic, tt 
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«fc*>4«-»S:»R-r5ri:^-tt-tta*L< (#J* 
tfCo F e / Cu-^Co/Cu) % t^iiftiW^ 

H*a*ttiBr &4vM4-f-e*)4. lot, m&m/it 

14, GMRS*^ixhgU^f 0 (#J;LtfCoFe/ 
C u/C o F e CO*&KI4*^3fe*^i£V^-e, SSrHftr 
!4&/ir£^fc5<7)-e[4ft< , CoFe/Cu/CoF 

Ji ± \zj&& £ ft 3 * tf y/^uy SI 8 TIMS* £ ft 5 <£> 14 
[0 3 7 9] f:t', *ffl«JJw|iab»*|gi«3gi:L 

ttJ:<#5>h5. *#ttfctt % *fcT:"</u:/BtS: f c c 
(ill) ^oKSAicjsrtfilifAttmoiS 

[0 3 8 0] WtllCoFe/Cu/CoFe 
/I rMnCDj: 5»-Mn*R3*«ttHHcJ: 5 8ftlfL 

/5^#t\ :^J:5^:^^CoFe/Cu/CoF 

e/I rMn^i^|£f 0 &#^IoT, WitfMnjJSC 
[0 3 8 1 ] ^fc, I rMnOj;5l:CoFei:M 

m<Dmfc&%Rmm&m&m\<^m&\zte y coFem 

-tnS:ttfp-t-5fc»^, Co F e/I rM 

5ft#ffia*S:»#Ji-5^afc Lt, Mxikfl rM 
nJf<Z>±t;:i rMn(^»-T-WBI*:ft*lc:(RoJi, "Tft;b 
I rMn tiaaaE^tt-T-IBIWSrtof c c4JR»«.S: 

[0 3 8 2] ZhlZ^ &%m&m<DT&mt l,XMRft 



il*<Dlf^«3S*:JtT?ft<, ±ifc(OJ;5ftRu, Crft 

*bftv\> rw±5^Ra«ttfflli:«a*^fo-frTfflt^ 
t#»4, R»8tt«iMR|fii±«^j|!ifeli:iottt« 
K tem Lfti^fcabJc, MR[S]±i f4S3S«ttW ^ @^ 
■efcS^ t> U < li I rMn, R u R h M n <D£ ? ft y 

S&SSc^Uiftofcfct;:, f c cMfffl, h c pMtt 

[0 3 8 3] **W^i8«i6tt:S»**^tt, iJISLfcJ: 

«*a>3a*Ka:B u MRwt^ni, wattles*. 

ft£ Q SimSlte* ^JlJ»/^JR^#ffiT^4^Vv^ 

#WKl.fc 9 GMRS$3.^ y hlzffiti zmWl&'hZ < ft 
9> MR^W/h$<46:t«$^ 0 
[0 3 8 4] 4*«ttKltllli:b-C«»tAfci:#»c»±|fc 

^ft^ y * hSrtfc?>^tcoT*fc5o **Wttr<D± 9 
ft^ic^g LTft$ftfcfc<£>-e*>4 0 

[0 3 8 5] A««fc/£JUW|LflE^+#A#ft 
&ffiR«»***»e>ft5 w t £^ Lfc^/uSrH 3 6C 

^Sr%i5i:iSPt^t^ 0 H 3 6 fcijS-f-J; 5 fc, fc5 

<ft<9, £il:^t54T(7)lT-{: <b o t ^ ttg 
tt^p(4^:#<ft^ 0 

[0 3 8 6 ] H 3 7 33^1/1113 fcftm P <D Z? =. ;l- 

^SSA (p) kRftmp tSnGMRl7x;U^ 
gA (GMR) t(75Jt (A (GMR) /A (p) ) k , 
i#«S9 c t^BB«^««:*i" 0 D3 7 £>J;Oqg3 8 
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JRBS#ffit , fcoTt,+^/«CS«-JJS^C*. @3 8liAu 
(Ag) /Cu»B"ettiBRjt«rieri-BI#^«e e £ 
Htttt=7»/U5«ftA»e,HfflLfc^?7-cabS 0 i38 
*»?>^*»5±5»w, Au (Ag) /C uRMXb+ft\Z 

10 3 8 7] K±©ri:4»(>, ftJUrC£*HK**Mti- 
51^, (1) 7 3i/u*ttft*s-c#s^itftv^*||t 
X\ (2) MJ|iBB-C03lBAfttttt^nv\ tP5^i*i 

s 0 iot, t^wr vx^mm^-mx^m^t^m^m 

(1) Ko^TKM&ffiK#<b<Z>ft§Sl4#ri»oT:fc£1\ 

#tc (2) ^j^Si-5<fc5 

[0 3 8 8] (2) *»E£tf.5 loro*#fc|gfl-fcL 
X, A«BI/AJRBtra±**5i^c:#B**IH«^*>sr. 

77yht'fc5:ti!IiU> s Sfc, ±fELfc (1) 

[0 3 8 9] u±<Dzt^(b. &mm/&.mmftffixm 
irurji. MRi^iii Lxm&mtftmmtt&mm* 

Sttl ^- tf i: liSJfioi i ftf 5 4?l£BE« 

jSfitoMi^i cd&jr«4 a &ieau ^ cowan;: a^- 

[0 3 9 0] $b(-, £ltiiLT^M$rffli->5i, 

aio <*5« os<9. m j f-sis^ft< 45 r t 



[0 3 9 1 ] U±.<D~tfa<b> @32, [113 3J3it>'|g| 

3 4»w^Lfc^lfW«^Bl8-e{i. KJJtJBIi Ltffll' 
4MR|6]-h*4fcI. BSttS (JgBJIl) il4#B*g<E>M 
«&*i-5&JSJBS (JM£Wt:hfcf^cD&JBJ8l4 a) £r5£ 

cOMRfa-h/f4 £H$:cD&JSSIg|4 a . 4bffl»-ei 
fc5VMiMRl*!±l4S;^i4 e-e»)*t5 
M^flffiScfc^ffiL-CVS. «i5ccD#JR|g|4 a . 4b^ 

4 c offMttmi*, m^vtzmmzm^^xma 

r. n t<75 9 »sb 1 co^js itmr [61 ±a 4 

ftijiciee-rsr taws lv\ ztibu^mm^mz 

[0 3 9 2] ±SBbfc«SffiS4tS&*»=S<5<MR*ft* 

fcji5t«t*5„ wHl4MRrp]±S4<D*ti|sl-S^ 
@i§coMG&ft if) Wet, ^fficofMj&^te^D-fe 

^?!5<O^t 0 V/<yuy^TI47°n-fe^.T^-/KC 

4 9 ^ffi-ew&fK 3 ? drv-V^i 9 SfcnTV^fcMR 

[0 3 9 3] **3, «§*ftflfl^L;t (e) cOffjEfct^Jo 

i75cu/Ag«iBii, c umwmxtemffim&tf± 

*l^fc*. Ag«5:^*ffi!cL-C«Jltc;-t--5iiic:io 
wni4*^^^*Jtt?>^JR^/^JR^|?.ffi-C-«EffiRlt^l 

[0 3 9 4] MR<OKf8itt^^b*5r^»-t-5MR(6l±JS 
(4. ^SSStfflli LTco^*ro^/£P>-f, 

^/U7'li8©MR#ttro[Sli:(cS:4tT^-6„ C<73j;5 
^MR(6]Ji^<Dmfgl4. 1 OTWciagLfc^-S- 

fcPfiibi*. 0iJ^l4U3 9^>|4 Olw^-Ti 554^ 
ttJ16 Jb»rE«L,fc»& (MR(*}±if4B) t=t«W$ 

»«U-ttlHiS*i*, fltjiifeUfciptCI rMnftm* 
ZRfaMVtm 6 ilrtflit Ufca»«>A*8)l4 a . 4 b CO 
^11^^14 c *»e>'&:SMR|6l±*4 BS-EB-f-5 
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8 ^1MM4*« J: 0 -JIft±-r3 0 

[0 3 9 5] £<bKlto<Dt 6 :^teb. K»«%K*Sfi«J 

^£#-Cb#«Wt::±5 f c c&JRSfctth c 
<E>«SBS, b L < tt-&&ttfc J: o TR»«ttlR(0»^ W 

[0 3 9 6]atOMl4a, 4bwai«^C45 
MR|6i±»4BSrR3S«ttJi6±»3:|Elli"*»fr, Au 

t a *^^e>*5«»« 7 ^sh-s ± o izmm-rzk. 

f*jf 6 J:<DMRftJUi4 BI4, Sl<?)Ml84a/i2 

[0 3 9 7] »rifcLfc±5fc, £*m*<rc«JiIB«*&& 
/f ^"bftSMRftii/f 4 AH, Co^CoFe^M^ 

^m^r^S-r^o o* 9 , C u TUfiJiWi-CttiSaJB 1 

- lppmSriBx.5fta)8Ii:i5e — A u T 
JftJl 1 LT<7)C o F e^&i£Jf 

BBIW*s*t't-#T, + 1 p pra*«;t3:E<0«S£fc 

So 

[0 3 9 8] ^XC^tT, Cu, Au, Ag, Pt, 
Rh, Pd, AKTK Zr,Hf, Ir *>5>»ift 

5'>ft< 1 1 i n<D7tm&^t?&mm<Dmmm, s>5^ 

1^14 cH4SMRHJb|4t «ilttt 
OCoFe^TiimtlCiot, Co^Co 
F e -g-feft £-<7)C o ^«f4WJ»<D fee (111) BBfRl 

s*fc±-e % ttB9^*»«»?mni. -rft^d d 

1 1) teiPWPBSrO. 2 0 5 5 — 0. 2 0 8 5 nrnCO|g 
itt5wi^#5 0 iSK® 1 coTitfiir LT^MRfS] 
±Jf 4fi, fec-d (111) #0. 2 0 5 8 nmJ; 

9**v^fca*»su,\, d- (i l i) te^Rflfii^ig 
«J*fitt^*J»i-5*tti: ltd M^lffAu-Cuii 
■t. Au-Cu^Ml^:l^ SUBTttAui 
Cu^SIJiitoKJlCJtSraEA.s, ^ftB-efiAutCu 

[0 3 9 9] Au-Cu^fl*W«t Au 25 



C u 75 ~Au 75 C u 25 (JBhP-%) Steffi t i"5 r ir*5» 

Au-Cu^lWl^^j;!)ffAu 
y y^ftfflfiJL t^Au^Cu^AugsCu 

[0 4 0 0] 032, El 3 3*3 ±1/0 3 4H glfl 
&TWt Lfc^ t 0 ^</^ym8trov^T^:Lfc^ > 

Wttr.n*wHe>n«b^"Cttft< , m^m4 3^04 
4 tc*-r± 5 i-. mtm i «r±«t ufcRte«ji(D^ t c 

[0 4 0 1 ] 04 1*3±TJ*0 4 2(C^-r^t p V/</uyjg 

4 /s»»tt« 6 /mitmmm 2 3 

^il/MR^]±f4 7 ^s«« SlxfcttPiSSr* 

ttl^ 0 H 4 1 liM R f^]±i 4 C^I 4 c ^ffl ^/c 
W-(?fc9, 04 2»4MRffil±S4tZlfi»^JR|«4 a , 

^114 a tM!4 c fco«JMK«rJHi^- ir b 

[0402] 04 2^L^±9fc N mmm 1 ir^-rs 

MRrtlJiJi4K8Hi«*:ai«1"a»^, 03 9ir^bfc 
±fciJ<75MRft-Uf 4 tB*t, »»«7«fcttCu*ir 
^?>45Il^M4 a *E«i-5w£riSjfr* 
SfoT N 0 4 2»C*Lfc««Jl l«OMRfSl±i4lt 

[0 4 0 3] Kte«^(75»^<75RSil«tttt^T«fiWMR 

liMRfill^l^IA^ Ta ^ Ti*4f(0iB#±< 
^Rte«iS^TflB«3tS:afflLfc*&^33V%Tb, «MK 

[0 4 0 4] S^«3gco;*e>v^uyj^8Jc:JoiNTb, 
ASJI 1 t*LT±ELfc J: 5 ftMR«±i 4 SrElt 
5^ dr^±oT, J^Jl 1 tMR|6)±l4 <t<D#ffie0jjfi 
fi8ft«tt4 if {3 < «EffiSSta*^ ± 5 M R #ffi(7) ft 
i«:05:tm5o -t Lt, Sfra!Lfc±9lc x ftffi 

ft5 0 

[0 4 0 5] ft*3, ±iiEL^Ste1»it^Xt: 0 >/<yU^ 
8fc*5V*-C»4, S1H/MRW14M $^iCf4 
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MRfa±ii 4i*3<jd® i <D&mi&4 a /m2<D&mm4 b 

Si^2(DMl4bSi (042) -CRAtS:®-** 
i£5fc<D-C*)9, tS^SWc!: LT^Lfc (e) <7)«f/£(7) 
Cu/AgS»ioPt, Ag^ffiT^lt^^C^ 

(d) <nm&x~AummmzT a*mm-rzt5ift%)%: 

[0 4 0 6] »*S«ffc LT^Lrt: (d) (DMtlt 
ilri>0. 4nmi:P5 7xyu>gg^|^iS(7)ii(7)A 

ot, Au/TafiWUTAu/Cu/Tat^J; 

ttfO) C uiSrMitf C o F e t A u t (Dlffi 

i:jfAt5:<l:i:j;ot > A u co#N^tt^rfl^— cog^ 

Sr^Lt^bAulSrEftiri-e, SWS!i*S:it* 

[0 4 0 7] ±34b^#^^fig^*D^T{±, MRf*]± 
/f 4 l^fi»8ttl6 tSttlfit^^C 

o^TKWLfcas, MRfS]±/i4te0lJ;ttfl2 4 3 

[0 4 0 8] H4 3^^1-^t: 0 ^/<y^y^8tCjoV^T, 
JSBS/f 1 UMitfN iFellatCoFeilbtl: 

4 b^ajftt^ibnc4MR|Sl±Jl4^^ffiSnTV^5o 
NiFeSlatCoFellbtit MRfa±Jf4& 

1 i: l/t-#»l:««)l5 0 r<7)J:5^ N 
i Fell a/C o F e if 1 b ^ffildfSpt t *BSWM 
R|Rj±Jl4SrlfAi-**&, NiFella^CoFe 
ill bJi-flc^^oT^Sl £ Ltffl^lttll^?) 
ftV^T\ ffAt^MRfS]±l4(j:i< L*^tltf45> 

5 r ^(Dm&mitmmm 2zm&i-z> io« 

[0 4 0 9] ±J« Lfc#*16»<fi^««l«»LSb*#^ 
W\ Mt«i4 4^4 5 1^1- J: 5ft#K&msm* 



y-ey (MR am) 4 4r«>«*IE«K«kHrffli-awi: 

[0 4 10] 04 4*3«t^El4 5tt, #3893<Z>fl^l}g#t 

[041 i ] rnfe^BiKds^-r, 2KiAi 2 o 3 i 

£r*-TS A i 2 0 3 • T i CS«?iif^S«T-foS 0 Z. 
<D£ ?&S*g2 1 0^*BB±^»4, NiFe^t Fe 
S i A I MfC o Z r Nb^iMlM 

T««« ^ Kg 2 2 ±fctt, A10 3 4 if <7>*8Stt 

/^GMR«2 4i: Lt, w^t^nmwmcD^M 0 

[ 0 4 1 2 ] 04 4 |C*5^T, * tV^yGMR§2 
4li0fi^h7y^Sti5J:5l:, IMfch9y^«a> 

Htl^, I(7)J:9^^t 6 y/<;U7'GMRl2 4^7 

[04 13] -^M7^imfll2 5iillt C 
u, Au, Zr. T a t£i£t>*btj:Z)—%t<Dm&2 
fi)c^Tl^ 0 7t°y^>7 , GMRi2 4(vl(^ — ^fCQ 

wm2 6ti*b±>-xmm&m££ivz> Q cm^tr:^ 

/U7 F GMR«2 4, — T^«#eniP«2 5*3<t 
t/-^tffi2 6ft GMRff4* : P3 2 7 5rMtT 
GMR»4* : f»2 7H:, ±3£ Ufc J: 5 l^fc* 

[0414] H4 5»r*3V^Ttt, ^tV^G 

MRR 2 4 ^ HW41^* t y 2 3 ^ (Dffil:, ^* 
h 7 yffSfrbfttiitfc&lZX tV/WGMRl 2 4 

W<;U^GMRJR2 4 <£>IS£ h 9 y * a>*MB0*8»^fllli 

^tV/>>yGMRi2 4fi > *<om 

[0 4 15] 7tV/^yGMRi2 4±{C(1 X — *J<a 
li2 6^W^ntl^ 0 ^tVA>7'GMR§2 4 

£oT#!^£nTi^ 0 *ixb^tV/</^GMRK2 
4, -»^<>f T^«*Ep*n«2 5*3±t/— *KDtt«2 



6 11, u~f K«ag<^GMRff*3S^gB2 7 

[0 4 1 6 ] m 4 4 *5<fct>'ia4 SfclSS^T* GMRS4 
3*^15 2 7±t;:ttTfflW5£««**y:/2 3 
«ttW«t»^b*S±«l¥**«¥^ ^2 

ft T««*'>-^ Ki 2 2 i n««ttKtt«m«^ft 
E^y K3 o«^nti^ 0 

[0 4 17] E«k^y VtVXnmm^y K3 l {4, 

««t^y K3 l a>TftiJIE»««#, iflHMKS/— /u KJI 

GME^y K3 0(D±liBSt^yuKl2 911 *$JB£«£ 
fC— > K3 loT«HE»«tt*r*fciT^5o ^co±fiijm 
yuKfiSrjKtia5T«IE«««2 9±U:H\ A 1 O 

«t 9 »#ffifc H TMfEfttttt 2 9 £ ±{&01EftBfcffi 3 3 

[0 4 1 8 J ±iCUfcW^y Ki: UToov— KSG 
ME^y K3 0 fclBft^s/ Ki tt»I8^y K3 1 

l~fS*t£ft5o 04 6K:*-f-8ML^y KTytyy V 6 
OH Btt = ^ ,u S:»«r-f 6 * tr v» ft if £ #-f- 

l SlCttt^yi/g >6 2#»ttS;ftTl* 

[0 4 19] l^-O-v-a >-6 2 05fe*fc»±, -biBbfc 
mj&ttOfef^BSttft^y KSrJWI+S^y K*7 

m-Z=r<DW$ 5i**5 J: U«S&*& 9 fflO y — KSfl 6 4 
U r<7)y — K*66 4<b^y K*7>f^6 3 

ixTl^o BI4>6 5 KT -/ir^yy 6 0<on 

[04 2 0] :wj;54I8^yK7yt^5 6 0 

[0 4 2 1 ] m%rf4*t 5 1 ft* t 0 >- K^ 5 2 (Ctt* 

7^ty^y6 0H f^v->3V6 2«)*«i:a9 

f+ltbiXfc^y K^7^f/6 3^ ««r-f 5 l_h 
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biiti^o ^^x-f^^ 5 ltf\°lfe-tZ>b. K* 
7^^6 3^1Mf5]I (ABS) liB«r^^5 1 
W*a5^e>gf*^#±* (0«±10 0nmtilT) Sr fc 

[0 4 2 2] KT 5/ir>y y 6 0<DT? 

-#7^6iii, ^r^^iiffc^W^^ 

>fAHE— * 5 3C«i$nTl^ 0 #>f *=i>f/U*— * 

S««Isl!8i:^e>fl|j«*n5o T^^-^r-Ae 
lit 1^5 4<o±T2^Br^K*tfenfcH*U4v^ 

* 5 3»cJ:9EIlE»ito*gttfcT** «t 5K4otv^ 

So 

[0 4 2 3] ft *3, K±^ftlfe«tt-eMcflkT9^Riai4K« 
a — ^Srffiv^5»W— ' Kftifco 

tt«*^y KfcHbi*, (MR A 

M) *ifo»«Et»»»ritfflr*ri:t-e#5 0 

(ISMD Ta (5nm) /A u 

(lnm) /Cu (lnm) /C o F e (4nm) /C 
u (2. 5nm) /C o F e (2. 5nm) /I rMn 
(7nm) /T a ( 5 n m) fl|3£<D;* tf^^/U:/^^ 

x i o~ 7 T o f f UTX\ T/u=f^EE(i2 — 1 
OmToffilfc, »ffittJ»BMk^y =«>*«Srfflv> 
/Co ftfc\ Hl^yKOfMWftli, T^y^afctE± 
(7) A 1 2 o 3 ^iry^ilcritK-t-s* itrftS^ 4$f4 

[0 4 2 4] liSUc^tV/^yifj:, as-dep 
o»MR$W9. 6%T\ 2 5 0tX4HW7 P 
ot^7x^ (T =— : 2 5 0tX4H, B# 
5kO.) »Cio^ttMR8ft*li9. 0%^l 
t^fec «2tt-± 1 0^TO^"-^-(7)fe^t#^tL 
fc 0 H k fcov*Tfc* **Wi*|6»c«#S:Jo^fc4 4(^ 

[0 4 2 5] ::t\ MR(ftiilj:Au/CuiSilT* 
fc9, Au^Cu(DMl^MMLtt^ 0 Cut 
C o F e O#ffitt#B*fc#ffiT?fc-5 0 TaiAuttl 
St5#I-C'fo§^ % Au/Cu^t?-»fil:tfc'<t + 
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■C^TtPalffl^^o f ccfI(DAu/CuTM(D| 
SCioT, CoFefifcc (111) iEfp] LTV ^ 
*t-, Co F eOOd (111) *s<—islsy<D±£ £14 

0. 2 0 7 4 nmkmmm^h'}-£tm\z%im£t%x\,- 

MfcJ: 9«£Lfc 0 Au/CuTffi±l:Co 
Fe/Cu/CoFe ^GMRS*^-7 1 J® 

■^Ji-fo^ttV^ClJi^figfiLTfct), fee (111) 

c o f e ^ p f 7 7 ^ a y-eii, fc 

c - d (111) ->>^<7?^:t $t40. 2 0 7 4 

^ify^ygiDXRD/^- ^SrH4 8tSt. xl 

IHSf"Ct C oFetfMcc — d (111) J*^<— 
^0. 2 0 7 4 nm-(?*)5:iW5 0 

[0 4 2 7] ft jo, 04 8^XRD7 F o7r^vH:fc , V^ 
"Cx 2, 3iil rMn}:tS^f-5fc e -^tfe 

b-MUCoFe/Cu/CoFeWOfc 

c (ill) tf— ^ ir^ibtt, mmm(D^(Dd 
— is is (Dtemm-?&>z>o ^^cii, t°- 

[0 4 2 8] ±j£L/tAu (1 nm) /C u (lnm) 
TifttCft^T, Cu (2nm) t»itffl^5tCoF 
e <D f c c - d (111) v^^fiO. 2 0 5 4 

u (2nm) 5r#»T#^iCoFeOf cc-d 
(111) ^->^|j:0. 2 0 8 6nmi^<4 

0, «mt!E«fc*#< ft*. KDi^CAu/CuT 

«fi*^V^5w tiCioT, «3*"C»ig*0. 2 0 7 4 n 
[0 4 2 9] ft:fc\ fie*ft*-e*bfc (g) (OmtiHDC 
■e#6ftftlo^IHi:Lt, «Sfc:fc«»L-CV*5» 
<ft9, I r M n t W»ffi-CW»^i^^*# < 4 9 

fc5 0 tot, ^^fltl rMnO|fiS^jfl>|j^a 
^t-ft£o ^r^ri^ Au/CuT«^I rMn<7) 
ft^MBBiriav^ft, ^±l:ai51i5CoFe/C 
u/CoFe^t:i rMnl:fiV^*ft<OI*ft^ 

5 0 t$*&fi5<7) (h) <^1t^^AuTltiic7) 

»fc»^IBPHasj£-*-g\ CoFe/Cu/C 

*W4CTLS5, Aul^r C o F eJ|£&jKtfHMi 



1"S i:, Aui^U 9 0 B &S(:fD v oT»tfp B 11oc u 

UKA u tf$m-fZ) kMR&itmfckfzAs\Z^£ < ft 
5 0 wntt«JBW«M!feK|5»UT<5. t:5^ Au 
/CuSIICtSrtHioT, Cul^Auffift^ 

[0 4 3 0] Tflfi t LT<DT a 14 A u £ -ftTcWKfiftfi 

T^Ai 2 o 3 ±ica:»j«iKLfc»^^tt, Au#r>r 
7yMSi, ^^ti^iti*iMii^(Z) 

ifeKttftfrfrottjR. H in <D*B*JDKH£ftSo * 

r> w, Hf, Nb, fcU<tt£*L&«r*trfr£, rti 

[0 4 3 1 ] CKDJ; 5Jc % (f ) co j; 5 

IC, Au^TWi tt^tf 2 2 0 nmtOf^fflV^ 

t<D±l:MStl5Cu/C o F eJ^<7)J^ffifc ft 
V\> |H6ft<7}f4 2 7 otx 4HM&<D&Mm&?ro Z t 
"C#So -COJ: 5 KIT a *if^#«ttT»«ttaiE-efc 

[0 4 3 2] Sfc, #ittT«iiUTi (5n 

m) % Z r (5nm) , W ( 5 n m) % Cr ( 5 n 

m) % V (5nm) % Nb (5nm) , Mo (5n 

m) , Hf (5 rim) , $6 £lf Ztl b<D^& (5nm) 

ir, MRf&liitLTAu (0.,5 — 2 n m) /C u 
(0. 5-2nm) , Au (0. 3-1 nm) /C u 
(0. 3-lnm) /Au (0. 3 — lnm) /C u 
(0. 3 — lnm) % AuCu (0. 5 — 5 n m) /C 

u (0. 5-2 nm) Srffl l^fcifr&fcSS^T fc , [Qtiift 

[0 4 3 3] r<7)«t5lr, MRfftl±Jitt2»^e>«fi8;S 

-efcsrt^asu^ l^^l, T*t tr f c cia^i 

[0 4 3 4] Jbf£<7) A u - C u OM^^^iirJ^^CO^^ 
#lw{±, Ru-Cu, Au-Cu, Pt-C 
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u, Rh-Cu, Pd-Cu, Ir-Cu, Ag-P 
Ag-Pd, Ag-Au, Au — Pt, Au-P 
d, Au-A 1 ttX&mf btlZo Z.tlh<Ofefr&t>it 
(Oo%. Co*iKtt/Ilw*'r5MRlPl±/l^iS*ttC 
u, Au, A g (D^^tlfrX'h&o 
[0 4 3 5]IMHBitm Au-Cu^l^iH 

m<D£?\z^ 2mmmmx«h. 3 jmm s*>k:jb 

u-Cu(Di:^li-efc!), ^3 60^*D7c*^^v^ 

[0 4 3 6] C o ^<7) i # W«± Wffi^fcitW 9 *, , 

St^S^WAu-Cu, Ag-Pt, Au-P 
d, Au-A g> Pt-Cu4WSW:a*L^. ^co 

[0 4 3 7] ±IB<7)«tt«*sCu*Oi:#i:^<l^«l 
»tSt/l^N i *Oi:#»Ctt-tnfc»i-5MRrS]±» 

Au-Pt, Au~Pd, Au-Ag, Au-A 
1, Ag-Pt, Ag-Pd, Ru-Rh, Ru-I 

r, Ru-P ttetftfmifbftZo ztit><nm&&t>*& 

<D?%^ N i *«tttJl^*-t"*«^MRrflI±a^5c» 
M\ Au, Ag, RuWV^fJ)5 0 Jg£J¥ 

[0 4 3 8] 3 bid, MRf6]±lS:^t§ 2o^7uiS 

^r»ttM^Co*OtttJI^»&icM: % Cu-Ru, C 

2«mtLS5w-eff*L<i< l mmmxm^z 

^££#ij<t IT, N i F e N Ni fcCr, NiFeN 
b, N i F e R hfti*1fim\f bft5o 

[0439] ^f:t c yfM^ tt, ::xii*ffl:g 

\f\ M^litViM^tt, CoFe2. 5nm/I 
r Mn 7 nmOft^T, CoFe3nm/Ru0. 9n 
m/ C o F e 3 n m/ I r M n 7 n m, CoFe3nm 
/CrO. 9 nm/C o F e 3 n m/ I r Mn 7 nmft 

[0 4 4 0] R3ft«tt«tt,- P t M n N N i M n x Ru 
RhMn, CrMn, FeMn, N i O^Wffltt 

[0 4 4 1] ±BLfc#«ttT«JiH:Ta4ifoAmi! 
4:t3-e#, Til:ftiTTiO,TH!!tffl^fe(|*l: 



TaOj Tifi/MR|6j±«»ffi-CS*tS-ti:5 . * t^X- 

MR*<k*Sr*felw|6|±S-a:5wi:*S"e#« 0 fcfc 
t> TaOj TSWlifciffSSC o F e fc f c 

c (ill) El«nL4^ofc9, $fc«ffiWfcBSLl^ 
fcc-d (111) *^—is>if\z%btite\<\ :n 

t^UTaO, /A u/C u T»tt*fflteK«;h,4 fc 
CQXfc^o TaOj CfUTT i , Z r , C r % W, H 

w<0H)6«2-Ctt, Ta (5nm) /Au 
(lnm) /C u (lnm) /CoFe (4nm) /C 

u (2. 5nm) /C o F e (2. 5nm) /I rMn 
(7nm) /Au (0. 5nm) /C u (0. 5 n m) 

/Ta (5nm) feT^/U^KS:, HJfc« 1 t 

[0 4 4 2] _b{liJ<DMRft_Uf £ LT(7)Au/C uff 
BIO*-T-**tt, CoFe/Cu/CoFeiig^ 
T-S^J:<9 I rMnC&^ x I rMnit:Au/C 
u«JfffllS:^i-5^i^J:o-C, I rMnO^tt 

5:i*"C*5, AuS^Sia^TaSTtCiaai-^ 
A u W J: 5 iSffix^/^-^/jN J 4f T a <D 

\ZttZ><DT* % Au^TaiMtl^t<, Jl<0fS3c 
iot, TalTCitAu^Agt^ 
ttE«Lfti^a5^a*Uv^ Z-<nnmm<D 3: ? izc u 
■ «:^U-CTa«BI«*:»rili-««5*#*LV\ Au 

c u x h mm 4 s»*^ » e> n 5 0 

(H*#J3) 3LO|H6«3-ett, Ta (5nm) /Ni 
CoFe (5nm) /A u (lnm) /C u (lnm) 
/Co F e (3 nm) /Cu (2. 5nm) /CoFe 

(2. 5nm) /I rMn ( 7 n m) /T a ( 5 n m) 

fco ro^tfV^/U^t-^V^T, J&KJlteAu/Cu 
RrtftSJlfcNiCoFe (5nm) £ C o F e (3 
nm) toaSiST-fc^o 

[0 4 4 3] Sfc, **Wfc^fctt«iLT, Ta (5 
nm) /NiCoFe ( 5 n m) /CoFe ( 3 n m) 
/Cu (2. 5nm) /CoFe (2. 5 n m) /I r 
Mn (7nm) /T a (5nm) «3g<^^ tV/<;u7R 

[0 4 4 4] fti&Mco* t°y/^u7Kii> a s - b e p 
oTMR^ft$8. 6%-e*ofcfc<75^S, 2 5 0°CX4 
H<7):/nir*T^-M£lcJ3:6. 6%£*ffcU Jfc-ffc* 
fi2 3%{C^iiL/c 0 iMCoFe^NiFeCr^ 
H*»-efc4fcft, a s - b e p ogk»-CttSfS4f C o 
F e/N i F e C r #BBt** * > i^-fr-fldM RSMfca* 
#"CTl>5 0 Lrt»U 2 5 0°CX4Hg$(7)7r:^ 



ft 0 t „ C o F e /N i F e C r ^ffi^SBl-SUxT U 
£5 0 miiyty hft^^i6i:N i F eCC r 5:4% 
atfjftjHILfcN iFeCr "COtt**:^, N i 81 F e 19 

[0 4 4 5] — ^r, *ttW3<Bj:5fcAu/Cu«Jil« 
tffAtii irtdct^, C o F eJWtN i F e C r Mt 
<0&:mt>mzLibiVZ)ti£>, MR3Eft«±as-depo 
aPBf-C8. 7%Tfcofct^, 2 5 0tX4H(^yD 

•tr * r = - /us -e 1 8 . i%iMR ^>fk a* * l < jrp ^ b 

ftfco IftttAu/Cu»AKJ:5a«B]hO«i*i: L 
T, CoFe«4:0#ffiRitJa*^r=--yU«-efc«fc 

[0446] Au (1 nm) /Cu (1 nm) fcftx. 
T, Au (0. 5nm) /C u (0. 5 n m) , Cu 

(0. 5nm) /Au (0. 5 n m) , A u (0. 3n 
m) /Cu (0. 3nm) / A u (0. 3 n m) , Au 

(0. 3nm) /Cu (0. 3 n m) /A u (0. 3n 
m) /Cu (0. 3nm) , AuCu (0. 5 n m) / 
Cu (0. 5nm) , AuCu ( 1 n m) /C u (0. 
5nm) , Ag (0. 5 n m) /C u (0. 5 n m) , 
Cu (0. 5nm) / A g (0. 5 n m) , Ag (0. 
3nm) /Cu (0. 3 n m) /A g (0. 3 n m) , 
Ag (0. 3nm) /C u (0. 3nm) /A g (0. 
3nrn) /C u (0. 3 n m) , Ft (0. 5 n m) / 
Cu (0. 5nm) , Cu (0. 5 n m) /Pt (0. 
5nm) , Pt (0. 5nm) /C u (0. 5 n m) , 
Pt (0. 5nm) , Pt (0. 5nm) /C u (0. 
5nm) /Pt (0. 5nm) /C u (0. 5 n m) , 
AuCu (0. 5-1. 5nm) * if SrfllV 

[0 4 4 7] fc*5 % S2<D«ttii ITN iFeCr^ 
JS^fcSSf4«TOii9^*>S 0 N i F etCC r SrSSJP 
t^:^:J:ot, Ms £:<6T£ii:£r t4< P Sr|6j± 

«>. N i i:F e <DJfc*l±»ttO-t? N 
i : Fe = 8 1 : 1 9 iH^LN i !) ^fCt^^t 

TM\ Ni 8I Fe 15 Cr 4 (Da^ifItfc§ 0 mEA 
Ni 80 Fe 20 , NiFeNb, NiFeRhi^ 

(^JS0IJ4) ra>*tfc«4"Ctt* Ta (5nm) / A u 
(lnm) /Cu (lnm) / I rMn ( 7 nm) /C 

oFe (2. 5nm) /C u (2. 5 n m) /C o F e 
(4nm) /Cu (0. 5 n m) /A u (0. 5 n m) 

/C u (0. 5 n m) /Ta (5nm) ffiieCO^ b 0 ^//^ 

[0 4 4 8] z <omi&m 4 \*mita*m&&m&+tnm 

"Cfc5 0 iI(DCu/Au/Cuilj:MRfS]l|T^ 
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/CuJftel rMn(7)Tif{:^otl^(!:P3^i:, I 
rMn^^S^IM^^t^MRfillt 
:<7)g(D a s - d e p o WMR$ft$|j: 1 0 % 
T\ 2 5 Otx 4H^r^/U&OMR8ft¥li9. 5 
%-e*ofc. Cu/AuMliAuCu^S:MLt 

[0 4 4 9] ^<^HJte9aj4<D±fflSOT a tt{ftSH»"Cfc 

V\> :<?)iSM4T1j:Cu/Au/Cui^MRfS|±l 
Xfo%<DX\ CoFe/CuJfifcitfCu/AuffB 

(t>L<liAuCu^Ai) -eRWSrier S^rifc^-e 
fc£ 0 roi^l-, ft*ftffii: LT^Lfc (e) ^ 

(d) (Dffii&kftfjFlbMzmteZittDX'&Zo £t>\z % 
ffi»<73C ul^rCoF e/Au#ii:tfAltl^/c 

AutDffimttptinm (cu) ^<0«jHttfcjfctt«r«] 

^l^<J:Ir1^, -S7x/u>M^Iv>l^LTAu 

[0 4 5 01 i»MRfS]±l<lrLTc7)Au (lnm) 
/Cu (lnm) tdft^T, Au (0. 5 — 3 n m) / 
Cu (0. 5 — 3nm) , Cu (0. 5-3nm) /A 
u (0. 5 — 3nm) /C u (0. 5nm) , AuCu 
(0. 5-3nm) /Cu (0. 5 — 3 n m) , Cu 
(0. 5 — 3nm)/AuCu (0. 5~3nm)/C 
u (0. 5-3nm) % Ag (0. 5 ~ 3 n m) /C u 
(0. 5~3nm) % Cu (0. 5~3nm) /A g 
(0. 5 — 3nm) /Cu (0. 5 — 3nm) , Pt 
(0. 5 — 3nm) /C u (0. 5 — 3 n m) , Cu 
(0. 5~3nm)/Pt (0. 5-3nm)/Cu 
(0. 5-3nm) , PtCu (0. 5 ~ 3 n m) /C 
u (0. 5 — 3 nm) , Cu (0. 5-3nm) /Pt 
Cu (0. 5 — 3nm) /C u (0. 5 — 3 n m) ft if 

I045 1]ifc % tt^*tWwO^TJ4*16Wl<734i^ 

t # o + > h *omp$ vt4XikM i <^ t # <t n 

$lft/c# v 5nmttWiSU\ 

[0 4 5 2] K»«ffi|tOTift^fc5MR|R]±/U4, R 
»«tt»^»T-WHB*a«Jft«[JwLT, fc°>C o F e £ 

I«I41ti:M«it5iti:j;ot, fc^*M4gf*:fcr*]± 
^i5tt5t^*)5 0 ^^wM^MR^l 
±ifi:LT. Al-Cu, Pt-Cu, Rh-Cu, P 
d-Cu, I r-Cu, Ag-Pt, Ag-Pd, Ag 
-Au, Au-Pt, Au-Pd, Au-Al, R u - 
Rh > Ru-I r, Ru-Pt, Ru~Cu, A g — A 
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[0453] m*<D&fom&m\z.m\*tiMR[iii±mk l 

X\t* Cu, Au, Ag, Pt, Rh, Ru, Pd, A 
U Ti, Zr, H f ^e>atf*l5 2o<Z>7c*^8(/i 
R* T«i Lt»*tr«lt« 0 tr>««»to 

5 ft fefiKtefltfe* trw^u^R^^ y -g<^ 

±*^R«*nfcMR|pI±littft<-Cfc#fcftl\ £<b 
Sttat^^TJfi^MRfftiaiitf^RWjBft^TOse 
<£>± ^ftv^ir^ y^ryf7xB«J6-etotti 
fc>ftl\ — bTT a 5 nm/Au C u 2 n m/ I r 
Mn 7 nm/C o F e 3 nm/Ru 0. 9 nm/C o F 

e 3 nm/ C u 3 nm/C o F e 1 nm/N i F e 5 n 
m/T a 5 nmft if^fc5 0 

[0 4 5 4] TafiHMtfcft*.-C, Ti, Z r, 

Cr, W, Hf, Nbftif«:MV^fc»&Kov^-Ctiaj« 
X&ofz 0 

(H1S«5) ro|81t«5t»tt, Ta (5nm) /A u 
Cu (2nrn) /I rMn (7nm) /CoFe (2. 
5nm) /AuCu (2. 5nm) /CoFe ( 4 n 
m) /AuCu (2nm) /T a ( 5 n m) «3g<^Sfe 

TflHOC o F eJi (ftftlM) £_LftiJ<£>C o F 
el (JftJKJI) fc^BBKEltSnfcAuCuJftt, ^Bl 

|p]-bJl"Cib5o 
[0 4 5 5] ^y^/^«tlt C u ft k 

^e>ft5*«tt^w«±^jBS:sn5(B««<75 f c c- 

d (111) *«/h*<ft5, »5**#<4otLS 

JfiSSJfco f cc-d (111) v'^SraSSftffi 

[0 4 5 6] tr^-C, AuCu^t,/^»t 
WJl-Ctt, C o F e i <b C 

XfiCu (0. 8nm) /A u C u (0. 8 n m) /C 

u (o. 8 nm) MRftifsrttffl-rsr t-e«p»i-i 

[0 4 5 7] ^0J:3 4#«tt1«MJi-e*-Bi:n»teM 

±«Sr«fflLfc«i: L-CHU Ta (5nm) /AuCu 
(2nm) / I rMn ( 7 n m) /CoFeMfl 
(2. 5nm) / A u C u mttfc* MitM R fa±jf 
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(2. 5nm) /CoFefflf (3nm) /C u 
(2. 5nm) /CoFeWfi (2. 5 n m) / 
I rMn (7nm) /T a ( 5 n m) Slit ft 

*o a^^^t°>/</uy^^^att^ffi^^MR^±ii 

^rffiffl L/c#iJ£ Itfi;, Ta (5nm) /AuCu (2 
nm) /CoFe (4nm) /C u (0. 8 n m) /A 
uCu (0. 8nm) /C u (0. 8 n m) /CoFe 
(2. 5nm) /I rMn ( 7 n m) /T a ( 5 n m) 

[0 4 5 8] ft*3, 5te«ig(7)^t 0 ^^/lx^JKio«tO^T f 
jx T l/^ y h^^ y<D% fV^/U^Rtil jol I r 
Mnftif<^S3ftflKttR03T»fc Ltffl^feAuCui© 
S»*ftif^J:0, CoFe|81^)f cc-d (11 

l) ^-^-S/^^+^teMWiSJxTt^ntf, #«tt* 
B8*Ktt-«Mft c u «ft if Srffiffli- 5 r <h *s-e* £ G 
[0 4 5 9] Ktefiff^cD^ t°>-/</uy0^j:r>V^ryu 

Ta (5nm) /Au ( 1 n m) /C u (lnm) 
/I rMn (7nm) /CoFe (2. 5nm) /R u 

(0. 9nm) /CoFe ( 3 n m) /C u (3nm) 
/CoFe (4nm) /T a ( 5 n m) , Ta (5n 
m) /Au (lnm) /C u (lnm) I rMn (7n 
m) /CoFe (2. 5 n m) /C u ( 3 n m) /Co 
Fe (4nm) /T a (5nm) , Ta ( 5 n m) /A 
u (lnm) /Cu (lnm) /I rMn ( 7 n m) / 
CoFe (2. 5nm) /Ru (0. 9 n m) /CoF 
e (3nm) /C u ( 3 n m) /CoFe (2nm) / 
NiFe (2nm) /Ta (5nm) , Ta ( 5 n m) 
/Au (lnm) /Cu (lnm) /I rMn (7n 
m) /CoFe (2. 5nm) /C u ( 3 n m) /Co 
Fe (2nm)/NiFe (2nm)/Ta (5n 
m) x Ta (5nm) /A u (lnm) /C u (in 
m) /I rMn ( 7 n m) /CoFe ( 3 n m) /C u 

(3nm) /CoFe (3nm) /Cu (2nm) /C 
oFe (3nm) / I rMn ( 7 n m) /Ta (5 n 
m) , Ta (5nm) /A u (lnm) /C u (In 
m) /I rMn ( 7 n m) /CoFe (3nm) /C u 

(3nm)/CoFe (lnm) /NiFe ( 2 n m) 
/CoFe (lnm) /C u ( 3 n m) /CoFe (3 
nm) /I rMn ( 7 n m) /T a ( 5 n m) , Ta 

(5nm) /Au (lnm) /C u (lnm) /I rM 
n (7nm)/CoFe (2.- 5 nm) /Ru (0. 9 
nm) /CoFe ( 3 n m) /C u ( 3 n m) /CoF 
e (3nm) /C u ( 3 n m) /CoFe ( 3 n m) / 
Ru (0. 9nm) /CoFe (2. 5nm) /I rM 
n (7nm) /Ta ( 5 n m) , Ta ( 5 n m) / A u 

(lnm) /Cu (lnm) /I rMn (7nm) /C 
oFe (2. 5nm)/Ru (0. 9nm)/CoFe 

(3nm) /Cu ( 3 n m) /CoFe (lnm) /N 
iFe (2nm) /CoFe (lnm) /C u (3 n 
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m) /CoFe ( 3 n m) /R u (0. 9nm) /Co 
Fe (2. 5nm) /I rMn (7nm) /Ta (5n 
m) ftifjWHtffetbS. ±iaLfcAu/CuTlfitcR^ 

[0 4 6 0] teO«5fi«t LTJ*, £«/Ta(5nm)/IrMn 
(7nm) /CoFe (2. 5nm) /Ru (0. 9nm) /CoFe (3nm) /Cu (3nm) /CoFe 
(2. 5nm)/MRfp]±^/CoFe (2. 5nm) /Cu (3nm) /CoFe (3nm) /R 
u (0. 9nm) /CoFe (2. 5nm) /IrMn (7nm) /Ta (5nm) rt^f tt 
5 Q CflDflfjfi-CttC o F e/MRf^lil/C o F e &7 

[0 4 6 1] ±3*bfc#lfellli«-ettS»«8i4a^ 
I rMnOTU:»lttl^lf:/5\ NiMn, 
PtMn, PdPtMn, RuRhMn, CrMn, N 

[0 4 6 2] £b\z^ ±J6<^J:-5^«{tH»/i«wM*.tf 

C o F e/Ru/C o F e/ I rMn, 5 4K3iHK 

(Ru*:^LfcCoFera±fl0R3Sitttt 

[0 4 6 3] *mmz*mw<oMRfa±.mt 

t5:t^5 0 Mitf C o F e (2. 5nm) /A 
uCu (In m) /CoFe ( 2 n m) / I r M n (R 
aWKtt^y^y , IrMn/CoFe ( 2 n m) 

/AuCu (lnm) /CoFe ( 2 n m) 
*^/yv^) *4f-C*>9, *fcCoFe (lnm) / 
AuCu (0. 5nm) /CoFe ( 2 n m) /I rM 
n (7nm) tOXo\Z, 3SKtt^ > ^ 1/ V ^Srigffii" 3 
:Htt6c SftltlwtBliElS^AuCu 

fc«lffiKlta**rfcfce>i-iRI«P»w I rMn4if©*f 
<7)jgSJ¥fi0. 5-2nmW«Hi:t4It*s»*U> 0 

*«JSSrHa-r5fca6^#ai fCfc, Au/Cu4if 

<n-mki>x, mattery ^^ss/Ta (5nm)/ 

Au (lnm) /Cu (lnm) /CoFe ( 3 n m) 
/Cu (3nm) /CoFe ( 2 n m) / I rMn (7 
nm) /Ta ( 5 n m) ^WatSr, ilTEMi7-f7 
7? i/ 3 — vie J: 9f¥ffib/c 0 ? 4 7 2 is 3 > 

3 ^"Cfcrt^fe&v^ 



[0 4 6 4] f>77^y3y^-^^ 1/imK 

fi^tz 0 TaT*, ftiitlXttBIIBf cc (11 
1) IfiftLTl^ 0 SSf^^ — ^-C^^jS^^^SR^ 
h^fiifco CLiXl*. IrMni 
CoFe/Cu/CoFe t "Ctt fee (111) 

*Wfc#*W*4 fee (111) ifif6]^x-#TV>^r £ 
^ilt # /c 0 [S] "C^te^ ^^^p^il^lr ft o X 
\**Zkz.*>tf1z*\z.fLbiniz 0 Hlff/V-vii4t©i 

[0 4 6 5] w^Oi 9 4¥*g H B 0 ^fit^^(i, MRfft 

m. mnmfecnmmm^mrix^^tzrtxteK , m^-co 
mzKDmm t4s jfSfi.«c#M s f s ^ a, ^ ^ < 4 5 <^> 

A I T i Clgl^)7^77^A 1 JBU:^ ^CO 

[0 4 6 6] r^HJECT^jott^AuCOTifi^T a 
T LfcT a T*4< Ttil^ ffr«b^<^Tift^<5/7rJi 

tt^K-e*So Au*KSfjftiiMk*>y3>as«±icja;it 
Mo, h f j f»-tne>**tp'S'A4 4fS:fflv^5r. i*s-e# 

5 Q Ta/Au/CuT«W^C^ Ta<bAute 

9^K*«^*6*f bit, Zft«ftL^t<45. 04 
9, fe&fok LX(omMJj£<9 hmmWknm&jjtfffi 

[04 6 7] Ta/Au/Cu^i54T«61* 

fcAu*sj*«ISn*i#l-C u±fc*o**|gftj|&S:ift 
ot*8*ft4ttt»*t5« :^i?M®it Ta 

(5nm) /Cu ( 2 n m) /CoFe (4nm) /C 
u (3nm) /CoFe (2nm) /I rMn (7n 
m) /Ta (5nm) OJz?^ WHa/CuT* 

[0 4 6 8] &mz&fLirsiai<Dm&k ut«, nt^py 

l «teS^c o^coJK^m^, a l - 

Cu, Pt-Cu, Rh-Cu, Pd-Cu, Ir-C 
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u, Ag-Pt, Ag-Pd, Ag-Au, Au-P 
t, Au-Pd, Au-A 1 QfllRSfcli^ltf* 

<73f^<7}i^g\ Au-Pt, Au-Pd, Au-Ag, A 
u-Al, Ag-Pt, Ag-Pd, Ru-Rh, Ru 

- i r % r u - p t <otzfr&t>it<Dmmm* n 

Au-Cu, Ag-Pt, Au-Pd, Au-Ag, P 

fc. Ru-Cu, Ag -C u(^«t 5*«a*^*3-&(75arji 

[0 4 6 9] t&CDmmt LT> Ta/Cu/Au/Cu 
TUB, Ta/Pt/CuTifi, Ta/Cu/PtT«, 
Ta/Rh/CuTi, Ta/Cu/RhT*, TA/ 
Pd/Cu7«, Ta/Cu/PdTMWWbn 
5o mtWtt^T-T a 7r*±^ail£l» 
Srit-^UTt ±V^o T a <Dft;b»9 KIT i , Z 

r, Mo, H f ^*ftb*£t^&ftif«:Jfii*5r. 

t#5 0 f c c&mm<D&ft\±^*^ bftm^zzMR 

Hcc (7»— ymt LX<n$hM&minx o 

li2-5nmS«d s ff4U\ fcrtiU JRJWtc** if t£ 
«fc 9 Tiftv— K«^aSi*s±#LT^^> h#«E<0i>E 

[0 4 7 0] ±E«>J: 5 4*A«r»j«i-« f c c 

&R<ommm\zRjLx . f ccsr^tsw^jii^ 
tfbn^o cu^ftfoo^N i tco^<&xm& 

&<D f c c&&k It, P t N i (P t 2 6 a t % 

iHPtyyWSu^) , RhNi^l PdN 

i&4k «Si:A/if^a*-e«tt«rt>ofc«), * = S*<z> 
3R*D^»SL^) IrNi^4(Irl2at%±n 

I r yyWSU^) ftif^W e>*lS 0 ^ft6>*>& 
^i^|:(,Ta^s/7rWttfc!)l:Ti, W, Zr, 
Mo, H f ^ftfe^tp^&ftifSrfflt^r kfcXZ 
3 G f c c^«^)«fftt±E^SrJl«^*&fc 

mttKz: 2 - 5 n miK^ffi Lv \, jfc*D7E*ft if J: 5 

[04 7 1] ±*Lfci 54irt©A*Mt tttt, T 

a (5nm) /Pt (lnm) /C u ( 1 n m) /Co 
Fe (2-8nm) /C u ( 3 n m) /C o F e (2. 
5nm) /"I rMn ( 7 n m) /T a ( 5 n m) , Ta 
(5nm) /PtCu (2nm)/CoFe (2-8n 
m) /Cu (3nm) /C o F e (2. 5 n m) /I r 



Mn (7nm) /T a ( 5 n m) , Ta ( 5 n m) /A 
u (lnm) /Cu (lnm) / I rMn (7nm) / 
C o F e (3 nm) /R u (lnm) /CoFe (3n 
m) /Cu (3nm) /C o F e (lnm) /NiFe 

(5nm) /T a (5nm) , Ta (5nm) / A u 

(lnm) /Cu (lnm) /I rMn ( 7 n m) /C 
oFe (2. 5nm) /C u ( 3 n m) /C o F e (1 
nm) /NiFe ( 5 n m) /Ta (5nm) % Ta 

(5 nm) /Au (lnm) /Cu (lnm) / I rM 
n (7nm) /C o F e (3nm) /R u (lnm) / 
CoFe (3 nm) /C u (3 nm) /C o F e (4n 
m) /T a (5nm) , Ta ( 5 n m) /A u (In 
m) /Cu (lnm) /I rMn ( 7 n m) /CoFe 

(3nm) /Ru (lnm) /CoFe ( 3 n m) /C 
u (3nm) /CoFe ( 4 n m) /C u ( 3 n m) / 
CoFe (3nm) /R u (lnm) /CoFe (3n 
m) /I rMn (7nm) /T a (5nm) , Ta (5 
nm) /AuCu ( 2 n m) /I rMn ( 7 n m) /C 
oFe (3nm)/Ru (lnm) /CoFe (3n 
m) /Cu (3nm) /CoFe ( 4 n m) /C u (3 
nm) /CoFe (3nm) /R u (lnm) /CoF 
e (3nm) /I rMn ( 7 n m) /T a ( 5 n m) ft 

ifsWHtf'&ft*. 

rhSfiOJ: 5 ftMRft_kJf (3:0 4 9<z> J: 

C o «r£ir«, N i SrdtfBlo J: 5 ft^ttS 7 it. 4¥ 

■fr"CMR[&]JiJB7 3 *IB«$-Gr5 0 **Wft«-«.<^%*. 
#liJSJft0» l<£>i:tftifi:£< ra«-efc s o 
[0 4 7 2] EA±,- *«c«*r#flRLoo*«Wo«i- 

tt, w*xbco^fls«|^PS^$tbStco-efiftv\ 
[0 4 7 3] 0IJx.fi, El 5 0 — H 5 2 ft, fc?£W<D £ b 

[0 4 7 4] -Tft^^, EI5 Ofi, A B S (^T ■ -<T 

Wr&&^-tt>(DXh*) . 05 111 ^r^V^m^is— /U 

[0 4 7 5] y^SSl OirTv— /UK1 1 (N 

i F e , Co ^T-e/U^ r *flM4-a^ FeAlSi^ 
#ftir\ ff^. : 0. 5-3 ^ m, Ni Fe^FeAl S 

V*) , T*ty^«12 (T/us-J--*»*ffc7VU5ftif) 
fc«J*U f(7)±i:7t: e y/</uyiT-i 3«t5 0 
^t°y/<yuytT-i 3(i^b e ^y^/uy^i 4 k-ftcom 

V^bMShSc i"ft^^, Ta, Nb, Zr, Hf 
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«G>#»ttTttli 1 4 1 H-lOnml.H 
jr^CTR u^N i F e C r i^«2(DT«6i 1 4 2 
05* :0. 5-5 nm) , S3S«f*«l 4 3, »«tt 

14 4. Wtt&*'<—9' 145, 7^1146, 

4 7. ^»ClJCSCT«aMH 4 8 (0. 5- 
lOnm) *^«fiS;*n5o ^iCMt^lH 
(TyuS-i-^ftffcT/uSfca?) , ±V-;uKl8 (N i 
Fe, Co|7^yU77«^l FeAlSi^ 
ft if, I?*.: 0. 5-3 urn ) ^Jix5 o 

bfW^U^^f^- 1 3 (4 N * t°>-/</Uy^ 140h7->^ 

«*«BSr8**U-C-t^»r|K/WT^Jil 5«r»j*Lfci^ 
b*57/<y hv**>^5/3 ^^^^O^WaS^bft 
3 0 i^T^fl S^i^Iltte (Cr, FeCo 
ft^TitiWii^ffMbfcC o P t -^C o P t C r ft 
if) *VMi»«tt« l 5 l k&mttem l 5 2 SrMUfcffl 

5»8tt«l 5 2 «rriWLT*KMl»«Ultl 5 1 fr^R 
LTt&V\, ^i«h7 7^^U, h ^ >^ ^ *M 

i?it, Ms*t /Ms*t £7 

J^T, H*L<f4 5WTK:»jei-4. fflMfcS Sa/iriU. 
5nmJSKT (ttAKVJfc : SnmTOT) tC^T^< 
ft5ir, Ms*t («/M7^) /Ms*t (7!/-) 
^5^ffiS-f-^fc^i^, 8/W7^aBttitMl:» 
<ft5 ««WlfC2 5nmTKT) • 
[0 4 7 6] KintttR-ettRVtf < ft £ £ 

^«^>rr^*-ett3*«ttiKi s i*s*<ft5« 

• ^1SU>, Sfefc, &i&tef8l 1 5 l 1 

5 2<om^r^mx*\t, ftm&mi 5 1 <nmm\t\it 

7 y — *olSfpWti*iaB«^*nj|a±^t<o*s^ 
ftBHN (/</^/Nr)fyy^X) (&5fe£ft£-<</h£ 
ftK^M r^«*-enai"*^tJ:#4 Li\, -fft;b*>N 

i F e^t'tgl^c o F e^C o %£<D X *) ffifpflfrffc; 

ft to^Si \ ftftflfrffcas* $ ft&i&telgl 1 
5 lfcfflv^T*^«J|Di*fcJ:0jiai«#t:3fcai)TBH 

[0 4 7 7] ft 33, i50 TM4* tV/^uyi 1 4 
T^y^^m*UftV>TS5S«i4Ji 1 4 3 HILtl 
^T^iSrMtfcI^^lfc^, Til 1 4 1 ^ 
T-x^fy^lttl^o £MMi4 3^|L 



IRttftr/<s/ Fvtv^ya >"Cf4, ISffit^ew^u 

3Sr«i"> y </ h*s**V\ ft**, S3Smtt^<D±cDt 0 
VJf 1 4 4f4^fcB**LT-tOJ:fc«^r^»S:» 

^1 1 4 4<nmittm^T^m 1 s^a^^ii® 

I4> iS^S 1 4 7S-Cttxyfv^4tt7y-f 

[0 4 7 8] *fc, *§*teafc»a>fc«>l::, &W4R»« 
1411 4 3ii/W77|l 5 i<0««J$^S:S*5ft: 

gfiflsttJi 1 5 1 (DTizTmm 1 42 1 mmtemm 
u * v &mm&m t %amm <n m -e t 

it#>\z* Til 1 5 3 Wf^lj: 1 0 n m^T^It L 
[0 4 7 9] ^rX\ j!»ttiOT*fcFeCo©J: 

9 ft c o F e^Ei»i"^iai&fD^t:oTJfeSrfflv>T7 y 

1 5 2tc»4^tf , v^yuyiKlcfflv^cfc^ < bK«ftS3a« 

[0 4 8 0] t^L, ^ ^^^^(DK^JSmmtf^^ 
4T*m<OBL*&fim$gkl 5 2 <D&t&s<>(TXjf&) 14132 

KSftfllttKi 5 2<a£!fc/<-f r*;frrS]f4 h?*^!* 
ft) • 

10 4 8 1] K-C, fllifi* ffi*<aR3£«rtt)R<E>:/n 

5 ISl^a«-e«B.o*«DteT b fr**L&RS«tt«W> 

£ft&S3fi{£ let 5— *oKa«ttlHI(OT b ^iS^-r^ 

S-Ct^ SSS^ttS 1 5 2<D^^<^T^Hmz\t. 
M^^f^m (I rMn, RhMnftifSrffl^^) ^>SS^ 
S|5^^l^3o(7 5 2 0 0 — 2 5 0°C(D U v?X h Hft 
toll! (PtMn, PdPtMn, I rMniifSrffl 
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a«tt«»wtt-tn«t9Tb^M^s»attBi (irM 

n, PtMn, PdPtMnl) &/HV*5£, U^* h 

[0 4 8 2] ^*co*gfc 0 >^^fc 0 ^</uyTfiS^ 
&mi 5 2<^^^WT^^||{i^^^^«9TJf^^ 

t tr b * <£> se«i^<>r r * a l^t u a i*is 
E£te*s*j*gfc**o s»«tt» i s 2 taaiMt 

^K3$S£ttJglP tMn^P d P tMnSrffll^i^ft 
u^h^aT-flS (2 0 0-2 5 0°C) "CftflMfcS: 

[04 8 3] «ft 1 60MPBLD{i, «f^7^|Wffl 
iHMDiHRv^iis, W**-T-att*rT»f-CES 

(lOGbps iHi) tllO. 1-0. 7 tim<D^y 
^ ? d yfit — # % HMDfiLDct 19 <>*3J:-t 

0. 3-l/im£fe51tl:ct9, *h7y^Btt^ 

bt^ HD (*^«) >LDIoHMD>HD^«: 

S v ^ft £ £ (75 ^ if v / XjqifRl # § 

iESD^^ii^K, «ffil«ISS«:0. 
Tlzmtbtc®: h7 y^BUdfe-eii^- KMWPiHMDS: 
0. 8nma«fcjC»f6ri:^a*Uv\ 
[0 4 8 4] B15 0(C*3V>-C7y— JS^JK/?Ep^5>± 

KPi^g p t-tz 7y-ii:to511l#Hcu 
taftSfcfttett, gf<gpit5:t*14U>c 

o-e, 7 y — ■ttT*>— /^K^?)^8S(DgSiS:a<§ 
l 4 5«l:ff4t5rot?7!l — Jl^tt-fe^^WStailli* 

SffcttKtt, gpli35-80n 
m, g fli2 5-5 0 nm^ LTg f<gp tt5t, 

:/«t>6 0-1 3 Onm^f U^ty^H-C* 



5 0 

[0485] EI 5 2 fi x Ell ^>m 5 ^C^t L/c h s> 

"*t7^«i 2±i«sn5A-cfc5 6 £bic, ^y 
K^ffi^oRJJRIg p «t 5 t/J^v^r ir^S* la\ :n 

Wwfiqti- 5 o T 7- y -Jf 13 teir fa <h i£ 

^(:Ty-/u Krt>b0>«# (ir^^mM^ J; 0 ^ 

±9*#4-t^«K*s»A-e 
J:9i*t^S4ai**3J:WA#*BP, -f-*;b*>±T 

ffttrte, gpli3 5-8 0 nm, gf^25~50nm 

ft*io h-^^^^r> 7 7 P gt ) 6 0-130 nm<7) 

[0 4 8 6] *fc % ttm\zxzm*mMm*<Dm 

[0 4 8 7] H5 3H, **WcJ:*«ft«ffi»**^ 

EM (tran 

smission electron microscopy) tgf^fflCD-tf-:/:7°/U£;f£ 
fct/EDXIiJ;!), «*«ffi»**T-fc*fifcL-0*.5 

ss^fjt^J;?!;, 7 y — mt trc ucoj?. 

[0 4 8 8] mm®:7E<Dfemk LT(4, FJTM<7?^^«fife 

t^T-#5„ *^-1fCui:T%#rateilSi*« 

L^-nxo-C. 7!l-i©If|j:lT«CulliftSlx 

f"Cul±2. 4 nm. #4Sttffi««J|»2 nmitt 
>0 . t<D]S\^(DC u(Cj*Snfc7 !) — gCO h- — f/umm 
(±4. 1 nraitS w i:75ST-#-5o i<^7 !) — Jf^Jflfi 

•So i 9 'iMf fti: i 0 ^ fw^y 
tt«iate7»»*j. ^ttffi^ttg, 7!)-i 

[0 4 8 9] 
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[0 4 9 0] Si*, #36iJiK: < fcntf. MJfiUtJRl*)* 

[0 4 9 1 ] Sfc, JttWifcifttf, W3fiLfcJB2»S 
35S««tl6»L«i*^y K^GMR*^fciffiALTfc»ffcB 

[0 4 9 2] Sfcir, *JBW«wJ:nri, fttJi£bfcJg7<o 

[0 4 9 3] J^_bi¥aiL^ct ?\Z, *«WfcJ:iLtf, x 

[02] *^0Jco^ tf^^u^a^fc^T^L^ixS 

[0 3] 7y-g^KbTt^^^-^tf4R*fM<DSS 
*«iCu(OJ**l:»tS7y -«^*D*5 5««E«ISLH 

[0 4 ] T*>;< M^-l 0%~ + 1 0%, o£ \) > 

[05] **wo-*j6«oa««^a**^coA»w 

*««fi8:«:»i-««:BlT?fc-6 0 

[06] W co — Hlftgij 5 ^ fc° V/<yuy Btl#|jB8: 



[07] «*^«ft«tta** j F^^ri-s2o^p«g«s: 

[0 8] ffg±(7V<-r TXtfJ > Mfii:^* K£>B£ff 

[0 9] #8#wB8«S:*tRMH-C*5. 

[010] #JiSr»Ejx4«M^«tE I 1 3 Sr*-t1IEABI 

[011] ittt«^ *3 ft «^T^*>f > hco^SIS:* 

-*-*£0-c*>s o 

[012] h7^7r*-^-^fct^(DH in> H 

[013] ifc<ftW^*3it*^>f r^*>f v h^stsa* 

[014] lfc««^*3ttS^>f T^sK-Y V 

[015] #Jt««^^fcrw</py«i:*«K»wJ:S^ 

H:»loo*Lfe^77H-e*)5, 
[016] ^tteWl-4(D«3t^^b > V^T. :?y~/f<7)M 

ftt5^SUc^77itfc5o 

[017] *«^^>«»fi»i«i*— y Ko— 

[018] ^|5^^Wi-^^t c >^^uy^(7)ffi^f{I(7) 

[019] WM'<>tTxmR&*zitm&nss&mk 

[02 0] S3i^ttil^*^ffi^b^0W^t: o -^On 

[02 1] m^^g^s^, r uS:fflv^fc»^^>jfc«igia 

Mr/M s taoT/T L/cg]Tfo^ 0 

[022] x\?^'<j\s7m<Dmft\zttirz&tiim<Dmk 

«:*1-0-e*>5« 

[02 3] MittlAiSiettlBoRVtrM&ts 
wile Jot, BS#teJ:*«tta!{l:**«ai-6wfc«ra% 

[02 4] ^ t vy^^ ^e-rVu 

0-efc5 o 

[02 5] * h zL—r^afcy* j ^f/u 

0trfc5 o 

[02 6] ^tf^</U^*^»ft«|llfe^i-H-e* 

[82 7] *5SWwa*«et3Si*^s/ Krofaro— Slifcflg 

[02 8] *«|J)KSfta*^7 K<o$c,lcte«j- 
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[0 2 9] **Wro««fiStS6b*^y <btcf£tf>- 
[03 0] #«Wro«ft«ta:S5!i*^y K<ra£6>fcteO— 

[033] 032 £*%TOfttt^J|Uft?aX«ffl«r;i% 
[034] 03 Z£5rra«ttttt»**?attO>flEJBM 

Sr^i-»fffi0-efo5o 

[03 5] m%<Dxm"</u7m<om t -7a±x\z£Z>M 
[03 6] AJKK/^|IKIfS-?4tSS<tflb*^«&n 
[03 7] EMmn7=./\'$mjkts£V*ixh»-rzG 
0ij^*-r0-efe5o 

[03 8] Au (Ag) /Cu%-ffiX*m.ffi&ftt&&Z.ir 

[039] 03 2jc*-r««46eta**T-«>sc>^te«) 
sfc^j znn-m mm xh s „ 
[04 0] 039 \^-rm%nm)immi-<ommm^^ 

[04 i] *mw<DMnm.fa%)3km*<Dm2<Dmi&Bm 
<ommmm&*-$-mmmx'$,z 0 

[04 2] 04 1 £^ttft«^JMt?g>K&ffl«r7i% 

[04 3] *&n0aM^&3b*x?-ajB 3 (v-mmm 

[04 4] *«Ww««MS«:j»**iF-Srafflbfc«l|^ 
[04 5] ;^W©«*«ffi&**^&jgfliL;fcjiS# 
[04 6] *«W^«|f^BiS»Sl— y K«r»BUfcBI 
[04 7] *«0J(D»|?^BtMiK^y KSrMfflUfc« 

5o 



[04 8] *%PJ(D^JS^JlT^S{b^^fc: 0 W<yuy^ 
[04 9] *«M^»««tt:SJb*#^-S:AX»^fflt^ig 
[050] ABS (x7-<r!J^-t-7x^) 

So 

[05 1] ^^^^^^-yuK^Sr^V^fc^t 0 ^^ 
[05 2] il^54ifl:^Tlt h^^M<^^t e >- 

[05 3] ^RtwJiSHtiKSttabAJlfT-tr^v^BtiS 

[«F»<0ttW] 

1 ;S8£Jf 

2 Bftltl 

3 #fltt4*WJi 

4 MRft±/f 
4a, 4 b ^Jggl 

4 c ^feS 

5 #fl«4TJft/I 

6 BLmm&m 

7 (Ml 

8 ^t^/M^fflt 
l o ^ 

11, 18 /u K 

12, 17 

13 ;* fc°>v</u:/i{f^ 

14 ^ tfW^yjg 

is st/qr^l 

i 6 mM 

i4i, 142 mmrrfm 

1 4 3 

i 4 4 $tft:@5tJf 

14 5 *MJB 
146 SStftgSJi 
1 4 7 {ftKBt 

1 5 1 imam 

1 5 2 S3£«t4Jgl 

15 3 TiSJf 

14 4 1 gfiatta B 

1 4 4 2 EMIS^i 
1 4 4 3 3S«tt«A 
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17] 



ims] 



VCv] 




VCvJ 




AV* 



* A V < A V (MR£<fc!*5jtt*'>Tr * > 




[mi 2] 



*SEV[v] 



im9] 



mum* 




Hshift = -Hin + Hpin - Hcu 




tfcttjW2 (Spin-Filler* U xy-7^e»0/^7^^,<>f, 

[El 1 3 ] 




( 
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[Ell 4] 



[Ell 8] 



Hcu 



Hcu 




g Hpln 



it tfcftU (SpinrFiHer^: * AF) ^W7X^>h 



(: 



Hcum»nt#X# I > <b . ffsft * £ |S] ^ ICSfi L. T *> 




Hua* 



[EJ3 2 J 



[El 1 5 ] 




MRheJght 
itW9l 0.3mm 
Jt«ffJl O.Smm 
lfcttW2<Cu 2nm> 0.3mm 

— i±»W2(Cu 2nm) 0.5mm 
ittW!3 0.3mm 
£t&0V3 0.5mm 

-^lt«ftl4<Hpint,Hcj|) 0.3mm 

it8ffk(Hpint.Hciin 0.5mm 

-*^«*ctt4(HpinT t Hcur) 0.3mm 
tttft«4(Hpint.Hcur) O.Smm 
*»9!<IUiWl>0.3mm 

— *£Sl<*S6fl1>0.5mm 




2 3 4 5 6 
? U -J»0Ms*l [nmT in NiFe] 
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im 1 9 ] 
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[02 2] 

a«t(a. u) 



8 



* 

4i 



a? > 
3 3 
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NR. 2 0 d I [,i 0 

1 41.020 2.198 127B 83 

2 41.540 2.172 1$35 100 

3 42.320 2.134 505 33 

4 43.600 2.074 1290 84 

5 43.840 2.072 1338 87 
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[&M#-&] #PS 2000-137906 (P 2 0 0 0- 1 3 7 9 0 6 A) 
Wl2¥5^160 (2 0 0 0. 5. 1 6) 

i^m^-m ^wwff ^* 12-1380 

[ttUH*-g-] #11^ 1 1 -9 7 0 7 2 
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GllB 5/39 

IttttiB] *Pj*l 2^4M 3 0 (2 0 0 0. 4. 3) 
[*KH«jE1 ] 

[|f*«l] - WIB*«tt*^-<- 



a r. t zmmt tan i E«t^«ftffi»L?a**^ 0 

Ilf*«3] Jtfiftl 0 Q c mOC ut-m^LfcmJlS 
#«tt»i««JB<75JttJi:S: t (HCL) , flfjE^2^5*K 

flS-e*||[Lfc«*iWSr-tix-entm (pinl), t 
m(pin2) (tm (pinl) >tm (pin2) 
b1rZ>) t Isfzk £{Z, 0. 5nm^tm(pinl) 
-tm (p i n 2) -ft (HCL) ^ 4 n itu £ot 
(HCL) ^0. 5 nm&m&'tZZ.t&Wl&t-tZm 

i **** 2 ^ia«^««Ha*T:a**^ 0 

[»**4l IE«-g-«IHz*3»t5H4Uj^a?i|ftJtffl[V 1 
*«*«»lw*3Jt5ff*UA^I6«'fl[V2i:^J:9 
**nS«»**HW4 (V1-V2) / (V1+V2) 
AS, 'V-f-^^O. lJ^ii^'^^o. 1 ETFifcSJ: 5 
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[ss*«5] mmmi<ofam&tem<omm-io. snm 

[»**6] =yy/HR (N 

iFe) Sr^tf&^Sta^yUh (Co) k<r> 

[M#«7] flftfE^l 0»Jttt£ftj|tt. □^hi (C 
oFe) «r£trfr^a»&*S;ii*W*£i-*»#il 
1 ~ 5 <ZH v^ix** 1 olc|E*<B««»&t«[i**iF- 0 

[»*«8] fltTK^atteitttttJIttt fi(Cu).A 

(Au) . & (Ag) . >\,*r-yj» (R U ) , -4 If i?<? 
A (I r) , (Re) . nv=r>A (Rh) , 6 

i (Pt) , s<7i?$J* (Pd) , 7/W5 = !?A (A 

1 ) , Jr* $ (O s) AW-s"{ryu (N i ) J: 9 

^TfcSr i:£4&»i:-$-5»#«l~5<mv-r;h,a»lo 
5 if 1 ~ 5 cdv vf #t/!>> l oicfEStW^mffifet^jm* 

i o ] mzmmm<D ? h^mmm 1 <n&m>r±{$. 
mizm-rzm&m (cu) z&ttz. t*w®.b-rzn* 

[»*« i i ] itfji2«jf jhot 9 ■b-ettriH^ i ro&sstttfc 

Si-SfL^V^S, /l'f-l^i, (Ru) , (R 
e) , nv^A (Rh) N /<7 W J* (Pd) , 6& 
(Pt) , -1* JJ v^A (I r) St>*^-^ 5 £A (O s) 
4 9 ft 5»i»?> il|[4*ixfc'>ft < t t>-«W7E^^^tf^ 

l 2 ] WfE^tti8jj»mSi:MfE^ l 

is i ~ 5 <7)v i o^iEttwaaffigta**^-. 

ffifES&B^ffcJlroWifsf t LT, XzMnl-z 

-fUv^A (I r) , /Ut^^A (Ru) , n 
v^A (Rh) , 6^ (Pt) , /<7v?<7A (Pd) S 

tfu=?A (Re) 4 9ft5S¥rt>ibigf4*i,.5'>ft< k fc 
— «057L*i: U laj&Jfcz li % 5JH^%£t±4 OJgi^-% 

4] lWE*2ro5fi«tt«:»itiroiKr|E-»roai 



L-CWR»«ttJi«rSC,tc:flt±. 
*trSES^t4S<73*t!|s|-i: LT. XzMnl-z C:f 
X(4. 6& (Pt) RW<7 f J$J>. (Pd) i»)/i5# 
a»f>illiftfc'>ft < t i,—m<D5tmk L, jfififctt z (4. 
4 0Jf^-%«_h6 5^%EiTt?S)5) £fflt >fc r £ 
^mir-rSIS*^ 1 ~ 5 <m>-f l odiEfjrogjEtv© 

i 5 J HtJlEJil l W^ttfrg irS*tfIiJ(7)S{ct3 
V^TlWflE*fl«ti*»«»i:»L-C, (Ta) . 

(Ti) . i^a^A (Zr) ^ f^y^^, 

(W) . A7=?i (Hf) SO^liyfy (Mo) «t 
9ft5»a^jSfcf;h,7i'>ft< t fc-«<D7E3St§:^£fJI£: 

[if *il l 6 ] if i ~ i 5«v »-f fta* l oic|E*fc<D 
K 0 

{if *ii 1 7 ] Tfl«r«S/-yu KJi t , 

vzfMk 
* KS t . 

*Mtffi-fZZk&&mk-i-zm9L~-y Ko 

?r#mi:i-^if*JSl 7iEttro««l^y K. 

KJi t Strl2Tft9^>'— KJI ^fli^-^ci 

KSiflftfETfflfl^v— /u K««?V^i*nA»te*fc 
H5S£«i£D 2 i Lfct^ic, D,>D 2 -C*5;iS: 
#®tt-f--5»*«l 7Stlll 8»dfE^«7?BStt—y K 0 
(if*ri2 0] SflfE±fl«M->-/uK/li*ii^$tvr 

^tbtiitrmmmk. 

fitjisiE^®^ ^ yji ± ^aa it h titz±immm k . 

17-19 Wi^-f ixrt* l o(cf5ic(DfiS^-^2/ K 0 
[if*i!2 1 J ifjfcrfi 6Sfc(42 OfBlfeO^^^^ K 
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2 o tmnm.is.~-v ft y± y t . 

[*t3E****ai&] 0 3 0 6 

[0306] mmcowm 7 : Kintt&u^iaBK^tbJK 

[ftiI3l 

[*&iE*t&JS@£] 0 4 16 

[04 16] 04 4JoiO^[§)4 5K*5^T, GMRS4 
3HT-SI5 2 7±CliT«Stiaa^t7 7*2 3 <tlB)*£ft# 

«t4l6»*ma» b ft 5 ±ftiJS^«*»¥ -r y/28« 

its Ttw« ks 2 2 1 mm^m\±mu-b^ 

K3 OiiM^tl^. 
[#t!E4] 

[MiE*)-^»^i&] mmm 

[*IE*f*ri@£] 0 4 17 
[*HE2f*fc] *JE 

[0417] Eft^y Kt ly-CHIHW^y K 3 1 14, 
y-^KlGMR^j/ K3 0±^*j5f4xTV^4. WR 
K3 1 roTWEftflfcffi*, ±fil!l»Si->-yu KS 
2 9 <h*il cutest;: 4 (3fflf^;$4xTV^. •>- yUKM 
GMR^y K 3 0 <n±.Mffi.%->— YM 2 9 14. mf&ffi. 

K3 i oTMszmmm&MtoTi^z,, z<o±mm 

%*s->v KJBSr**a5TfflyiHft««2 9±(-(4, A 1 O 

„ ft z^m&mm&nfr h ft 5 te^a® =¥ ^^32 

£ 9 **ffi»=tt, Tftliafitt& 29t ±miafiffi« 3 3 
(3MJt*tiE5] 

[«jE*f^illi&] 0 4 18 
[«3E*«fe] «JE 
[MErtS] 

[0418] iizELfeS^y Kt L T<73->— KSG 
K3 0 ita^-v Ft UTllWHl^y K3 1 



:ni 5ft»S#B8MB£^s/ Ktt^s/ F^^^trjjfl 
^•iAStt, (#1x14*124 6fc^i-flHS^y KTs't^U 
i-^«t$4x-5 0 14 6t;^i-m^s/ FT s/irv-yy 6 
0 (4 , t*J ;i liSEfft a )\< SrGM^-f 5 # f v g|? ft if £ * 1" 

■£> 6 i «-ffi|;|Jt^^y-> 3 y6 2^^g$^x^ 

[3M9MHIE6] 

[ffiIE* , Mri£] 0 4 4 1 
[«Ert$] 

[0 4 4 1 ] ±Ebfc#«ttT*«»4T a ftifW&Jffiffll 

Hf#> T a CftttT a O, Ti4rffl^fcf^t 

M X-fiLifr L # 4xft /4»o fcfS^f- & jK-t- v •> -r /i^a* ^ ^ t * 
Ta O, Tife/MRr6]±J!#ffi-eStt£-S:5;: i: /6*T- 

MRff$Sri? f>iw|6]±$-ar^, - ir^-C^S. 7t7E 
U TaO, T«2S±(-iSac o F e £/£JBH-.5 t f 
c c (111) KftLft7^ofc<9, *fc«-£8j-;:S£L 
Wcc-d (111) ^-<-->>-i/l4*^nftv> 0 - 
*ll;:»LTT a O./Au/C u T*tt*«f4Jwtflx5 
tCO-CfcS, TaO, i^ftX-TT i . Zr, Cr.W, 
Hf, Nbt£i?<DmtVo*m^zbt>XZZ 0 *fc. 
T i N, TaNroi^itttSrfflV^rttttS,, 
«IW2) 

w<£>^H0lj2-ef4, Ta (5nm) /A u ( 1 n m) / 
Cu (lnm) /CoFe (4nm) /Cu (2. 5n 
m) /CoFe (2. 5 n m) /I rMn (7nm) / 
Au (0. 5nm) /C u (0. 5nm) /T a (5n 
m) IfitW^tfW^uy^, IfiMltjsliiaxf 

[3^*tIE7] 
[*IEW*$«i&] H^iNB» 
[«jE»*«1«] 04 6 5 
[ffiaE^te] 
[MlErtS] 

[0 4 6 5] -<0«t 5 ftl|MiS&tCj£^fffittf4, MRmt 

S5:§l<ohh t ft z&&'8Lmm t ^ uft < ft 5 <o 

■C. ®^-<7?¥i£lgii : fff£<bg<ft9 > MR^fc$ro^ 
r(D4 9ft*^ s H B (c:iav^itSr, mmt->V T^e 
oT'fc-So ^wT-(4^g?-ft->y a 
A 1 T i CSI±«7^7r^A 1 O x ^±^ % 
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